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I.-^NoTS    ON  THB  SXILITON  OF  FaBEIABAURUB  BajNI. 

Bj  Prof.  H.  0.  Sbxlst,  F.R.S.,  F.L.S.,  F.O.S. 

(PLATE  I.) 

THE  skeleton  of  Pareiataurut  Baini,  which  I  brought  from  the 
Bath  near  Tamboer  Fontein,  in  Gape  Colony,  is  shown  in 
the  acoompanying  photograph  of  the  right  side  of  the  specimen, 
as  it  is  now  mounted  in  the  British  Museum.  It  is  the  only  known 
example  of  the  group  of  animals  to  which  it  belongs,  in  which 
almost  every  part  of  the  skeleton  is  shown.  The  Dicyoodonts  were 
familiar  to  ns  from  the  discovery  of  many  skulls ;  the  Theriodonts 
were  mostly  known  from  snouts ;  and  the  PareiasauruSy  although 
originally  described  from  skull  remains,  had  become  known  from 
the  fine  axial  skeleton  of  P.  hombidem,  which  Mr.  Thomas  Bain  sent 
to  the  British  Museum  many  years  ago.  I  therefore  entertained 
hope  that  the  limbs  and  other  missing  parts  of  the  skeleton  might 
reward  personal  exploration  in  the  country.  The  area  to  be  ex- 
amined was  clearly  defined  as  lying  approximately  between  the 
Prince  Albert  Hoad  Station  and  Fraserberg  ;  for  Dr.  W.  G. 
Atherstone  had  found  the  type  of  the  species  near  the  former 
locality,  and  Mr.  Bain  had  found  the  specimen  described  by  myself 
in  1887-8  at  Palmiet  Fontein,  at  the  foot  of  the  Nieuwveldt  Kange, 
towards  the  latter  place. 

The  southern  position,  within  easier  access  of  the  railway,  offered 
the  best  hope  of  success,  since  a  few  farmers  are  scattered  over  the 
country,  and  there  was  hoi>e  that  their  Hottentot  shepherds  might 
have  observed  bones  lying  upon  the  surface  of  the  ground ;  though 
such  remains  only  occur  in  small  oases  among  immense  unpro- 
ductive or  desert  areas.  Between  the  Zwarteberg,  on  the  south, 
and  the  Nieuw veldt  Range  on  the  north,  the  country  is  generally 
level,  or  but  slightly  undulating.  At  Bad  the  rocks  become  folded 
and  more  elevated ;  and  there,  by  the  kindly  offices  of  Mr.  J.  S. 
Marais,  and  accompanied  by  the  late  Mr.  Thomas  Bain,  I  first  saw 
the  fossil  dimly  outlined  in  the  hard  concretionary  and  slaty  rock, 
8ome  distance  up  on  the  hill,  on  the  11th  August,  1889,  and  at 
once  determined  it  as  the  Pareiaaanrns  for  which  I  was  systemati- 
cally searching.  The  specimen  had  obvious  defects,  due  to  partial 
exposure,  the  compression  of  some  of  the  limb  bones,  and  the 
friable  condition  of  parts  which  had  long  been  under  the  expanding 
influence  of  the  sun.     On  the  following  day  I  had  the  pleasure  of 
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removing  the  r«io*aift8,  with  the  aid  of  my  friends,  from  the  mount 

side.      It  wais-.iiiy  share  of  the  task   to   direct  and  control 

quarrying  .'Operations  of  ten  men,  all  through  the  day,  to  ideni 

every  paft/o^  the  skeleton  as  it  was  successively  exposed,  so  as 

prevetK^tlfe  picks  from  destroying  it  as  soon  as  it  was  toucb 

to  mat:^  !>^ith  vermilion  colour  every  isolated  block  as  it  was  brol 

awaj  from  the  remains,  so  as  to  have  hope  that  they  would  so 

4^y  ^^  joined  together  again ;  and  finally  to  direct  the  carrying 

.*  f^  ^blocks  down  to  the  boxes  in  the  waggon  which  was  waiting 

/•.'nreoeive  them  in  the  valley  below,  so  as  to  insure  that  pieces  wh 

*\  'were  associated  should  not  be  widely  separated  from  each  otl 

/'     With  the  exception  of  Mr.  Marais  and  Mr.  Thomas  Bain,  I  1 

never  previously  met  any  of  the  men  who  shared  with  me  the  lab 

of  getting  the  fossil  away.     After  many  accidents,  resulting  fr 

its  weight  being  greater  than  the  boxes  obtainable  were  able 

endure,  the  fossil  reached  the  British  Museum,  an  unprepossess: 

heap  of  rock,  among  which  were  some  indications  of  bones. 

During  three  months  I  built  those  fragments  together,  so  as 
restore  the  remains  to  the  aspect  which  they  presented  on 
mountain  side  on  that  12th  of  August.  And  then  the  rock  ^ 
gradually  removed  by  Mr.  Kichard  Hall,  under  my  constant  sup 
vision,  extending  over  the  greater  part  of  two  years.  The  boi 
were  retained  in  the  positions  in  which  they  were  found  at  fi] 
till  it  became  manifest  that,  by  partially  separating  them,  tl 
might  be  articulated  with  each  other.  Thus  a  partial  restorati 
of  the  form  of  the  skeleton  has  been  made,  without  attempting 
restore  the  vertebral  column  to  its  original  curvature.  To  t 
Mr.  Caleb  Barlow  has  contributed  in  moulding  the  forms  of  so 
bones  on  the  left  side,  now  tinted  a  paler  colour,  which  were  i 
found. 

At  present  it  would  be  premature  to  say  anything  ooncemi 
this  animal  as  a  contribution  to  the  stores  of  knowledge  of  anic 
structure  in  comparative  anatomy.  It  admits  of  being  compai 
with  the  known  groups  of  reptiles  recent  and  fossil  as  well  as  w 
mammals.  Hereafter  the  value  of  these  comparisons  will  beco 
evident  when  the  fossil  allies  of  the  Paretasaurus  take  their  pla 
by  its  side.  Its  true  affinities  are  to  a  great  extent  masked  un< 
superficial  characteristics,  such  as  are  seen  in  the  pitted  armour  wh 
roofs  over  the  skull,  in  a  way  which  parallels  the  labyrinthod( 
type,  so  as  to  show  that  Labyrinthodonts  more  closely  approt 
reptiles  than  had  been  previously  demonstrable.  The  single  occipi 
condyle,  even  though  it  is  almost  as  concave  as  in  a  Teleostian  fi 
leaves  no  doubt  that  the  animal  finds  its  place  among  true  reptil 
But  no  animal  previously  known  has  shown  such  a  multitude 
sharp  recurved  teeth  on  the  palate,  coupled  with  teeth  in  sockets 
the  alveolar  margins  of  the  jaw ;  which  are  like  those  of  the  mari 
lizard  Amhlyrhynchus  in  general  type,  though  the  number  of  dentic 
is  greater,  and  the  successional  teeth  appear  to  be  arranged  uniforn 
in  the  mandible  below  the  series  in  use.  The  most  singular  structi 
of  the  palate  is  the  lateral  truncation  of  what  are  probably  t 
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tnunreTBe  bonea,  so  that  those  bones  extend  between  the  rami  of 
the  mandible.  Notwithstanding  the  extremely  heavy  build  of  the 
inimaly  there  is  mnoh  that  recalls  mammals  in  the  oharacters  of  the 
pelvis^  the  ehoalder-girdle,  and  the  fore  and  hind  limbs;  so  that 
the  fossil  stands  alone  at  present  in  its  approximation  in  these 
regions  of  the  skeleton  to  the  highest  vertebrata,  though  it  is  the 
Bhoolder-girdle  chiefly  whioh  fixes  its  affinity  with  the  Monotremata. 
Hie  new  knowledge  of  the  reptilian  skeleton  whioh  this  animal 
rapplies  g^Tte  a  meaning  to  the  term  Ordinal  Anomodontia,  by 
ihowing  resemblances  in  the  teeth  to  Tarions  groups  of  animals 
whioh  conld  never  have  been  suspected  from  the  reptilian  structure 
of  the  sknll,  or  the  mammalian  structure  of  the  extremities. 

It  has  been  a  pleasure  to  oontribute  a  fossil  which  has  made 
this  animal  type  more  intelligible ;  but  it  is  no  less  a  pleasure  to 
acknowledge  that  everything  has  been  done  by  Dr.  Henry  Woodward 
to  secnre  that  the  specimen  should  receive  the  best  treatment 
possible,  both  before  and  after  it  was  presented  to  the  National 
Collection.  

H— A  Cbiticism  ot  thb  Astbonomioal  Theobt  of  TBI  Job  Agb, 
AND  or  Lord  Kelvin's  Suooxstions  in  oonnbotion  with  a 
Gbnial  Agb  at  thb  Polb. 

By  Edward  P.  Culybrwbll,  M.A.,  Fellow  of  Trinity  College,  Dublin. 

(Part  I.) 

WHILE  the  favourable  reception  which  the  Astronomical  Theory 
of  the  loe  Age  has  met  with  among  scientific  men  has  been 
chiefly  due  to  the  writings  of  Dr.  Croll,  its  more  general  acceptance, 
especially  among  the  semi-scientiflc  public,  has  been  greatly  assisted 
by  the  lucid  and  vigorous  exposition  by  Sir  Robert  Ball,  in  his 
'*  Cause  of  an  Ice  Age/'  published  in  1891.  But  notwithstanding 
the  apparently  exhaustive  way  in  which  CroU  discusses  the  problem, 
and  the  fact  that  Sir  Robert  Ball's  work  has  been  published  in  the 
'*  Mo<lem  Science "  Series  (indicating  that  the  theory  has  secured 
a  place  among  the  permanent  acquisitions  of  science),  I  venture  to 
think  that  a  careful  examination  of  the  problem  will  show  that  the 
theory  is  but  a  vague  speculation ;  clothed,  indeed,  with  a  delusive 
semblanoe  of  severe  numerical  accuracy,  but  having  no  foundation 
in  physical  fact,  and  built  up  of  parts  which  do  not  dovetail  one 
into  the  other.  The  following  pages  contain  what  I  hope  will 
be  admitted  to  be  a  justification  of  this  sweeping  condemnation. 
The  first  portion  of  my  paper  deals  with  Croll's  form  of  the  theory ; 
the  second,  to  be  published  next  month,  deals  with  Sir  Robert  Ball's 
form. 

Part  I.  Examination  of  Cboll's  "Climate  and  Time." 
Of  the  527  pages  of  which  the  body  of  this  work  consists,  only 
a  few  are  oocnpied  with  the  direct  effects  of  the  theory,  somewhat 
more  with  the  indirect  effects,  over  150  pages  with  the  theory  of 
oceanic  circulation,  upwards  of  200  pages  with  the  geological  record, 
the  age  of  the  sun,  and  glacier  motion.  Practically,  the  exposition 
of  the  theory  is  contained  in  the  four  following  chapters : — 
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Ch^  IV.  Oatline  of  the  Phynotl  Agencies  whioh  lead  to  Secalar 

Changes  in  Climate  (pp.  54-80). 
Chap.  XIV.  Five  pages  of  this  chapter  on  The  Wind  Theory 
of  Oceanic  CironUtion  in  relation  to  Changes  of  Climate 
(pp.  226-235). 
Chap.  XIX    Geological  Time— Probable  Data  of  the  Glacial 

Epoch  (pp.  811-328) ;  and 
Chap.  XXV.  The  Influence  of  the  Obliqoity  of  the  Ecliptic  on 

Climate,  and  on  the  Level  of  the  Sea  (pp.  398-^19). 
There  are  two  other  Chapters,  XXIII.  and  XXIV.  (pp.  368-397), 
on  "  The  Physical  Caases  of  the  Submergence  and  Emergence  of 
the  Land  during  the  Glacial  epoch,"  whidi  may,  perhaps,  be  con- 
sidered  to  be  more  or  less  closely  related  to  the  astronomical  theory, 
but,  as  they  are  quite  independent  of  the  ort^a  of  the  glaoiation, 
I  have  not  included  them,  nor  do  I  intend  to  discuss  them  here, 
neither  do  I  intend  here  to  discuss  the  position  taken  up  by  Dr. 
Croll  in  dealing  with  the  obliquity  of  the  ecliptia  I  have  g^ven 
a  short  criticism  of  it  in  a  paper  which  appeared  in  the  PhiL  Mag. 
of  December,  1894. 

I. — Statskkht  of  Croll's  PosinoH. 

CrolFs  reasoning  consists  of  a  chain  of  arguments,  and  care  is 
necessary  to  distinguish  them  one  from  the  other.  In  his  view  the 
direct  effect  of  the  astronomical  cause  is  to  lower  the  terrestrial 
temperature  considerably ;  this  lowering  sets  up  other  agencies,  the 
indirect  ones,  and  these  operate  chiefly  to  produce  an  Ice  Age.  In 
other  words,  GroU  sets  himself  to  answer  three  questions  : — 

1.  What  was  the  direct  effect  of  the  increase  in  eccentricity  upon 
the  climatic  and  physical  condition  of  the  earth  ? 

2.  How  did  this  direct  effect  set  up  the  indirect  agencies  ? 

3.  How  did  these  indirect  agencies  operate  to  produce  a  Glacial 
epoch  ? 

As  Croll  has  nowhere  classified  the  causes  he  assigns  in  relation 
to  these  questions,  I  will  now  endeavour  to  exhibit  each  in  its  proper 
place. 

CrolVs  Answer  to  Qnestton  1. 

His  answer  to  this  question  resolves  itself  into  a  chain  of  five 
links,  denoted  here  by  A,  B,  C,  D,  E,  and  F. 

(A)  In  a  period  of  great  eccentricity,  the  hemisphere  which  has 
its  winter  in  the  part  of  the  orbit  remote  from  the  sun  will  have  a 
long  winter  and  a  short  summer,  the  greatest  length  of  the  winter 
being  199  days  as  against  our  179  days,  and  the  least  length  of 
summer  being  166  days  as  against  our  186  days  (Croll,  p.  57). 

(B)  Owing  to  the  greater  distance  of  the  sun  in  this  long  winter 
much  less  daily  sun-heat  will  be  received  in  the  long  winter  on  any 
latitude  than  is  now  received  in  an  equal  time  on  the  same  latitude ; 
on  midwinter  day  the  decrease  will  be  about  16  per  cent,  of  the 
present  amount  (pp.  65-57,  323). 

Hence — 

(C)  The  winter  temperature,  as  far  as  directly  affected  by  sun* 
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Iwat,  will  be  rednoad  ly  an  amount  whioh  may  be  eitimated 
tliQt: — ^Bui  for  the  sun-heat  the  earth  would  fall  to  nearly  the 
•biolute  sero  of  temperature— eay,  to  be  on  the  safe  eide,  it  would 
fidl  to  —  239^  F.  (Ponillet's  temperature  of  apaoe).  Thuii  in  mid- 
winter the  temperature  of  Great  Britain  (about  40^  F.)  ie  kept  by 
the  tun-heat  about  280^  F.  above  what  we  may  oall  its  natural  t«ro. 
Henoe,  rou^y  speaking,  the  decrease  of  16  per  oent  in  the  mid- 
winter intensity  of  sun-heat  will  lower  the  eaee»9  of  midwinter 
temperature  above  the  temperature  of  spaoe  by  a  jproporiionafo 
amount,  i.e.  by  45^  F.  (pp.  85,  87,  328). 

(D)  The  effect  of  this  lowering  of  temperature^  combined  with 
the  graat  length  of  the  winter,  will  be  to  increase  greatly  the  amount 
of  the  snow-falL  In  his  *'  Discussions  on  Climate  and  Cosmology," 
lie  says  that  ''a  simple  lowering  of  temperature  such  as  would 
Mcnrs  that  snow  instead  of  rain  should  fall  for  six  or  eight  months 
m  the  year  would  suffice,"  and  adds  that  this  would  follow  as  a 
direct  result  of  the  increase  in  eccentricity  (''Climate  and  Time," 
pp.  67,  58 ;  "  Cosmology,"  p.  58). 

(£)  Although  the  summer  sun-heat  will  be  increased  just  as 
mnoh  as  the  winter  sun-heat  is  diminished,  it  will  be  unable  to  melt 
the  additional  snow,  and  the  summers  will  actually  be  colder,  not- 
withstanding the  increased  sun-heat  Thus  from  year  to  year  there 
will  be  an  accumulation  of  ice,  which  will  tend  to  produce  on  the 
northern  hemisphere  a  state  of  glaciation  (pp.  58-66,  69,  324).  On 
p.  67,  discussing  Mr.  Murphy's  views,  Croll  says :  **  It  is  not  correct 
to  say  that  the  perihelion  summers  of  the  Glacial  period  must  have 
been  hot  There  are  physical  reasons,  as  we  have  just  seen,  which 
go  to  prove,  notwithstanding  the  nearness  of  the  sun  at  that  season, 
the  temperature  would  seldom,  if  ever,  rise  above  the  freezing-point." 
The  physical  reasons  he  refers  to  will  be  given  in  full  in  the  criticism 
of  this  argument 

(F)  As  the  increase  of  eccentricity  tends  to  produce  a  state  of 
glaciation  in  the  hemisphere  whose  winters  are  in  aphelion,  so 
"exactly  opposite  effects  take  place  in  the  other  hemisphere,  which 
has  its  winter  in  perihelion,  lliere  the  shortness  of  the  winters, 
and  the  highness  of  the  temperature,  owing  to  the  sun's  nearness, 
combine  to  prevent  the  accumulation  of  snow''  (p.  69;  repeated 
on  p.  402). 

lliis  is  a  fair  outline  of  the  direct  effects  of  the  increased 
eooentricity  on  climate,  as  urged  by  Croll.  We  must  now  give  his 
answer  to  the  question,  what  indirect  agency  is  set  up  by  this  direct 
effect? 

iZts  AiiBwer  to  Question  2. 

(G).  The  direct  tendency  of  the  eccentricity  when  the  northern 
inters  are  in  aphelion,  and  the  southern  in  perihelion,  being  to 
produce  a  state  of  glaciation  in  the  northern  hemisphere  and  a  genial 
Btate  in  the  southern,  the  median  line  between  the  trade  winds  will 
be  shifted  very  much  to  the  south,  and  the  great  equatorial  currents 
of  the  globe  would  be  entirely  changed.    The  Gulf  Stream  would 
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be  Btopped,  and  the  warm  water  of  the  tropics,  instead  of  being 
carried  to  northern  latitudes,  would  be  sent  southwards  (pp.  69-71). 
(H)  Another  effect  which  CroU  seems  to  classify  under  the 
indirect  agencies  is,  that  the  great  heat  of  the  summer  in  the 
tropical  regions  would  give  rise  to  great  evaporation,  which  would 
be  carried  up  by  the  aerial  currents,  and  at  last  fall  in  snow  on  the 
ice-covered  regions  of  the  north,  where,  he  says,  the  greatest  snow- 
fall would  take  place  in  summer. 

H\9  Answer  to  Question  3. 

The  answer  to  the  third  question  is  now  easy.  Dr.  CroU  has 
been  at  much  pains  to  show  how  greatly  temperatures  in  northern 
regions  depend  on  the  enormous  amount  of  heat  transferred  by  the 
Gulf  Stream  and  other  ocean  currents,  so  that  the  stoppage  of  these 
currents  completes  the  work  begun  by  the  previous  agencies,  and 
thus  accounts  for  the  vast  amount  of  glaciation  observed. 

n. — Cbitioism  of  Oboll. 

I  now  take  each  cause  in  detail  and  examine  it. 

(A)  This  is  undoubtedly  the  case. 

(B)  Of  course  there  is  such  an  effect,  but  Groll  does  not  seem  to 
have  observed  that  at  midwinter  the  effect  of  the  greater  distance 
of  the  sun  in  diminishing  the  supply  of  heat  is  entirely  confined 
to  those  regions  of  the  earth  on  which  the  sun  shines,  so  that  it  is 
scarcely  felt  in  the  Arctic  regions,  and  it  is  chiefly  felt  in  the  southern 
tropics,  where,  the  heat  received  by  solar  radiation  being  greatest, 
the  percentage  decrease  is  also  greatest.  In  fact,  the  only  difference 
at  the  North  Pole  is,  that  while  it  is  now  only  179  days  without 
any  sun-heat,  it  will  in  the  time  of  greatest  eccentricity  be  199  days 
in  the  same  condition.  But,  since  the  lowest  temperature  appears 
to  occur  in  January,  it  seems  unlikely  that  the  slightly  longer 
absence  of  the  sun  would  make  much  difference. 

(C)  This  is  really  the  fundamental  argument  on  which  the  whole 
theory  hinges.  It  is  quite  inconsistent  with  another  statement  of 
Oroll's,  regarded  by  him  as  almost  equally  important,  that  the 
influence  of  ocean  streams  in  raising  our  winter  temperature  is 
extremely  great.  For,  if  the  winter  temperature  be  so  greatly  due 
to  ocean  currents  and  not  to  sun-heat,  what  can  be  more  improper 
than  to  treat  the  winter  temperature  as  wholly  due  to  winter  sun- 
heat  when  we  are  getting  the  reduction  of  winter  temperature  due 
to  reduction  of  winter  sun-heat?  Yet  this  is  what  CroU  does. 
He  gets  the  enormous  reduction  of  45°  in  midwinter  temperature 
on  the  ground  that  the  reduction  of  midwinter  excess  of  temper- 
ature over  —  239°  F.  in  Great  Britain  must  be  in  proportion  to 
the  reduction  of  sun-heat;  and  then  he  tells  us  that  so  vast  is 
the  effect  of  the  Gulf  Stream  on  the  temperature  of  Great  Britain 
that  a  further  great  lowering  of  temperature  must  foUow  its 
removal.  Here  Dr.  CroU  seems  to  have  forgotten  the  homely 
proverb  that  you  cannot  eat  your  cake  and  have  it.  Evidently 
he  should  have  estimated  the  proportion  which  the  winter  heat 
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noriTed  from  the  Onlf  Stream  bean  to  the  winter  sun*heat, 
and  then  be  could  have  eBtimatod  the  peroentage  redootion  ia 
the  whole  beat  rapply  due  to  the  known  reduction  in  ttm  heat. 
In  addition  to  this,  it  was  quite  out  of  date  for  him  to  teke  a 
froporUonaie  rednotion  at  all.  Even  when  the  first  edition  of 
"Climate  and  Time"  was  published,  physiciste  knew  that  the  re- 
duction was  &r  less,  and  four  years  before  the  seoond  edition  was 
published,  the  law  of  the  4th  power,  used  later  on  in  this  article  to 
show  how  Dr.  CroU  might  have  worked  the  problem,  had  been 
published  by  Stefan.  But  Dr.  CroU  was  content  to  found  his  theory 
on  an  assumption  of  Herschel  in  his  "Outlines  of  Astronomy," 
§  369  a,  although  his  book  was  written  to  show  that  Herschel  was 
quite  wrong  in  his  oondusions  on  this  very  matter. 

To  show  how  far  even  the  most  extreme  midsummer  and  mid- 
winter  temperatures  are  from  being  proportional  to  the  sun-heats 
received  at  those  times,  take  Yakutsh  in  Siberia,  supposed  to  be  the 
most  extreme  of  terrestrial  climates.  The  excess  of  ito  summer 
temperatore  over  the  —  239^  F.  is  about  309°  F.,  and  of  ite  winter 
temperature  about  199°  F.,  but  the  midsummer  sun-heat  is  to 
the  midwinter  sun-heat  as  5800  is  to  199,  or  as  309  is  to  11. 
Hence  we  may  draw  two  oonolusions :  if  the  excess  of  mid- 
winter temperature  over  —  239°  F.  be  due  to  the  midwinter 
BQD-heat,  then,  on  Croirs  theory,  the  midsummer  temperature  ought 
to  be  5800°  F.  above  the  —  239°  F. ;  or  if,  on  the  other  hand,  the 
Bummer  excess  of  309°  F.  be  due  to  the  summer  sun- heat,  then  the 
midwinter  temperature  ought,  if  only  dependent  on  sun-heat,  to  be 
only  11°  F.  over  the  -  239°  F.,  i.e.  it  ought  to  be  —  228°  F.,  and 
the  rest  of  the  199°  F.  excess  over  the  —  239^  F.  must  be  due  to 
heat  derived  from  other  regions  of  the  earth.  If  we  apply  this 
reasoning  to  Great  Britain  the  difference  will  be  more  striking  still, 
hecause  there  the  midwinter  excess  over  the  —  239°  F.  differs  little 
from  the  midsummer  excess.  If,  instead  of  taking  Croll's  sun-heat 
on  the  single  days  of  least  and  most  insolation,  we  take  Ball's  average 
daily  summer  and  winter  sun-heat,  the  result  is  not,  perhaps,  so 
grotesquely  different  from  the  assumption,  but  it  is  sufficiently 
different  to  show  the  absurdity  of  the  supposition ;  for  the  ratio 
of  the  average  daily  sun-heat  in  summer  to  that  in  winter  is  about 
1000  to  199,  or  309  to  62.  Hence,  if  the  winter  temperature  be  due 
to  the  sun-heat,  the  summer  temperature  should  be  1000°  F.  over 
—  239°,  or,  say,  760°  above  the  zero  of  the  Fahrenheit  scale ;  or,  if 
the  summer  temperature  be  that  due  to  sun-heat,  then  the  winter 
temperature  ought  to  be  —  239° +62°  F.,  or  —  177°  F.,  instead  of 
about  —  40°  F. 

The  plan  which  I  have  adopted  for  measuring  the  fall  in  tempera- 
tare  is  as  follows  : — It  is  not  difficult  to  ascertain  what  parallel  of 
latitude  now  receiveg  the  same  winter  aun-heat  as  parallel  50°  received 
in  the  period  of  great  eccentricity  when  the  winter  was  in  aphelion. 
We  can  also  do  this  for  the  parallels  of  40°,  60°,  70°,  80°, 
and  90°.  1  have  made  the  necessary  calculations  on  three  different 
tappositious.     First,  following  Croll's  idea,  I  find  what  parallels 
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now  reoeive  the  same  midwinter  san-heat ;  seoond,  following  Bairi 
method,  I  find  what  latitudes  now  reoeive  the  same  daily  average 
of  sun-heat  in  winter,  i,e,  from  equinox  to  equinox;  third,  I  find 
what  latitudes  now  reoeive  the  same  total  amount  of  sun-heat  in 
their  ooldest  199  days  as  the  others  (40^,  50^,  eta)  reoeive  in  the 
199  days  of  the  supposed  Qlaoial  winter.    The  results  are : — 

First  CompariBon. 

Latitudes  43^  62°,  61°,  70°,  80°,  and  90°  now  receive  on  mid- 
winter day,  the  same  or  slightly  less  heat  than  latitudes  40°,  60°, 
6(»°,  70°,  80°,  and  90°  received  on  the  midwinter  day  in  the  epoch 
of  great  eccentricity.  Hence,  on  Croirs  hypothesis,  we  should 
expect  the  midwinter  temperatures  of  40°,  60°,  etc.,  in  that  epoch 
to  be  about  the  same  as  those  of  43°,  62°,  etc.,  at  present. 

Second  Comparison, 

Latitudes  43-3°,  624°,  61-7°,  71-3°,  81°,  and  90°  now  reoeive 
in  their  winter  of  179  days  the  same  or  slightly  less  daily  average 
of  sun-heat  as  40°,  60°,  60°,  70°,  80°,  and  90°  would  receive  in  their 
supposed  Glacial  winter  of  199  days. 

Third  Comparison, 

Latitudes  42  2°,  64°,  63-5°,  74°,  and  84-6°  now  receive  about 
the  same  daily  average  of  sun-heat  in  the  199  coldest  days  of  the 
present  year  as  40°,  50°,  60°,  70°,  and  80°  received  in  the  199 
coldest  days  of  the  period  of  great  eccentricity. 

A 

It  is  evident  that  in  order  to  find  those  latitudes  whose  midvoinier 
temperatures  are  now  the  same,  so  far  as  direct  sun-heat  is  con- 
cerned, as  those  of  40°,  60°,  60°,  70°,  and  80°  in  the  period  of  great 
eccentricity,  we  must  take  the  latitudes  somewhere  about  those  given 
by  the  second  method.  For  though  the  midwinter  sun-heat  received 
now  by  the  latitudes  thus  obtained  is  decidedly  less  than  that 
received  by  40°,  60°,  etc.,  in  the  earlier  period,  yet  as  the  daily 
average  remained  at  its  small  value  during  a  slightly  longer  time 
in  the  winter  of  great  eccentricity,  there  might  on  that  account  be 
a  somewhat  lower  midwinter  temperature  (though  as  the  lowest 
temperature  occurs  in  January  all  over  the  earth,  it  is  not  likely 
that  the  extra  time  would  produce  much  effect). 

As  to  the  latitudes  given  by  the  third  method,  they  receive  so 
much  less  sun-heat  during  the  middle  of  the  winter  than  40°, 
60°,  etc.,  received  in  an  equal  time  during  the  epoch  of  great 
eccentricity  that  it  seems  quite  evident  that  the  present  midwinter 
temperatures  of  44-2°,  64°,  63-6°,  74°,  and  86°  must  be  considerably 
lower  than  those  of  40°,  60°,  60°,  70°,  and  80°  were  in  the  period  of 
great  eccentricity,  so  that  we  are  quite  safe  in  taking  them  as  giving 
the  extreme  limit  of  possible  change  of  climate,  due  directly  to  the 
diminished  sun-heat 

Now  to  find  the  fall  in  temperature.  As  we  go  northwards  from 
lat  60°  to  lat  70°  the  decrease  in  midwinter  temperature  is  16°  F. 
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m  fha  meridimn  of  OrMnwioh,  and.  a  mean  of  25^  F.  in  the  central 
Mridiana  of  the  Amerioan  and  Asian  oontinente ;  in  other  words, 
the  midwinter  temperature  of  64^  N.  is  at  present  aboat  5^  F.  lower 
Una  thai  of  60^  N.  in  the  continents,  or,  in  the  meridian  of  Oreen- 
widi,  about  3^  F.  lower.  (This  is,  of  course,  taking  the  average  rate 
of  fill  between  60^  N.  and  70^  N.)  But  the  present  midwinter 
tsmperature  of  laL  64^,  a$  direcUg  dependent  on  Bun-heat,  has  been 
•kown  to  be  lower  than  that  of  lat.  60^  was  in  the  epoch  of  great 
aooentrioity.  Henoe  the  temperature  of  lat  60°  in  the  supposed 
Olaoial  epoch  cannot,  so  fiur  as  direct  sun-heat  is  concerned,  have 
been  as  much  as  from  8°  F.  to  5°  F.  lower  than  its  present  tempera- 
ture.   Similar  reaaoning  applies  to  the  other  latitudes. 

Thus  the  oonolnsion  is  that  the  lowering  of  midwinter  temperature 
from  50°  N.  to  70°  N.  due  to  diminshed  winter  heat  in  the  epoch  of 
great  eccentricity  cannot  have  been  as  much  as  from  3°  F.  to  5°  F. 

Another  way  to  look  at  it  is,  that  the  midwinter  sun-heat 
temperature  of  England,  which  is  included  between  the  parallels 
of  50°  and  55°,  cannot  have  been  as  low  as  that  of  the  region 
from  York  to  the  Orkneys  is  now. 

Thus  the  foundation  of  the  astronomical  theory  breaks  down 
oompletely.  It  requires  us  to  suppose  that  the  same  quantity  of 
Bun-heat  as  that  which  now,  falling  on  Yorkshire,  gives  ue  a  mild 
and  equable  climate,  will,  if  it  falls  on  Cornwall,  produce  an  Ice 
Age ;  or  again,  that  if  the  present  winter  sun-heat  at  Oxford  were 
to  be  reduced  to  the  amount  which  now  falls  at  Melrose  Abbey,  such 
deluges  of  snow  would  oover  Oxford  that  a  summer  beat  far  greater 
than  that  now  received  there  would  be  unable  to  melt  it,  so  that 
from  year  to  year  so  great  an  accumulation  of  snow  would  result 
that  the  Oulf  Stream*  would  be  turned  back  to  the  Southern 
Hemisphere.  Observe,  a  summer  heat  far  greater  than  that  now 
received  at  Oxford;  for,  in  the  166  days  of  the  short  hot  summer 
of  gnat  eccentricity,  Oxford  would  receive  as  much  summer  heat 
as  is  now  received  in  an  equal  time  by  latitude  35^,  say  by  Tangier 
or  Algiers  (see  a  paper  in  the  Phil.  Mag.  of  December,  181^4). 

But  it  is  unlikely  that  there  was  any  fall  whatever  in  midwinter 
temperature  in  Great  Britain  during  the  epoch  of  great  eccentricity ; 
for,  as  we  have  seen,  that  temperature  depends  very  greatly  on  the 
heat  received  from  the  Oulf  Stream.  Now,  between  the  Azores  and 
Ireland,  the  Gulf  Stream  is  known  to  travel  at  the  rate  of  about 
d'9  miles  per  day,  or  10  degrees  in  six  months.  Therefore,  the 
waters  whose  warmth  in  winter  keeps  our  climate  so  temperate, 
depend  for  a  great  portion  of  that  winter  warmth  on  the  summer 
BUQ-heat  received  at  a  point  10  degrees  to  the  south-west  on  their 
path;  and  this,  as  I  have  said,  was  far  greater  in  the  epoch  of 
great  eccentricity. 

The  numbers  I  have  given  all  relate  to  the  greatest  possible 
eocentrioity  of  the  orbit  If  we  apply  them  to  the  considerable 
eooentricity  of  about  100,000  years  ago,  as  calculated  by  Leverrier, 
we  must  reduce  them  by  about  one-fourth  part 

(D)  With  the  disappearance  of  (C),  this  argument  also  disappears. 
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No  doubt,  if  there  were  a  fall  of  anything  like  46®  F.  in  the  mid- 
winter temperature  of  Great  Britain,  there  would  be  a  great  increase 
in  the  fall  of  anow  ;  as  it  is,  I  have  shown  that  there  would  be  none 
worth  speaking  of — nothing  that  would  not  be  melted  by  a  couple 
of  soft  winter  days. 

(E)  We  now  oome  to  a  point  on  which  GroU  insists  at  great 
length,  namely,  that  summer  heat  is  less  effectual  in  melting  winter 
snow  than  winter  cold  is  in  producing  it  I  might  pass  this  by  as 
I  have  passed  (D)  by,  on  the  ground  that  there  would  be  no  snow 
to  melt,  but  the  question  is  so  important  from  a  climatic  point  of 
view,  and  so  much  of  the  evidence  seems  strongly  opposed  to 
Groirs  view,  that  it  is  worth  examining  the  matter  at  some  length, 
especially  as  GrolFs  view  on  this  point  is  almost  as  necessary  to 
the  astronomical  theory  as  the  views  already  dealt  with  in  (C). 

According  to  GroU  (pp.  68-60),  there  are  three  separate  ways 
whereby  accumulated  masses  of  snow  and  ice  tend  to  lower  the 
summer  temperature,  viz. : — 

First,  by  direct  radiation.  No  matter  what  the  intensity  of  the 
sun's  rays  may  be,  the  temperature  of  snow  and  ice  can  never  rise 
above  32^.  Hence  their  presence  tends  by  direct  radiation  to  lower 
the  temperature  of  all  surrounding  bodies  to  32^ 

[Here  follow  illustrations  as  to  the  summer  cold  in  Greenland 
and  the  high  Alpine  regions ;  also  the  statement  that  if  India  were 
covered  with  an  ice-sheet,  its  summers  would  be  colder  than  those 
of  England.] 

Second.  Another  cause  of  the  cooling  effect  is  that  the  rays  which 
fall  on  snow  and  ice  are,  to  a  great  extent,  reflected  back  into  space* 
Even  those  which  are  not  reflected  but  absorbed,  do  not  raise  the 
temperature,  for  they  disappear  in  the  mechanical  work  of  melting 
the  ice 

• 

Third.  Snow  and  ice  lower  the  temperature  by  chilling  the  air  and 
condensing  the  vapour  into  thick  fogs  .  .  .  which  would  effectually 
prevent  the  sun's  rays  from  reaching  the  earth,  and  the  snow  in 
consequence  would  remain  unmelted  during  the  entire  summer. 

Here  follow  several  pages  of  illustrations  of  cold  climates,  those 
of  Greenland  and  Hudson's  Bay  in  the  Northern  Hemisphere,  and 
South  Georgia,  Sandwich  Land,  South  Shetland,  Straits  of  Magellan, 
and  other  places  in  the  drift-currents  coming  from  the  Antarctic 
regions.  Thus  GroU's  examples  are  all  open  to  the  fatal  objection 
that  they  are  selected  from  regions  where  the  sun-heat  has  to 
contend,  not  only  with  the  ice  or  snow  actually  on  the  ground, 
but  with  cold  drift-currents  which  bear  great  masses  of  ice  and 
anew  from  the  Polar  regions. 

A  question  of  this  kind  cannot  be  settled  by  such  an  eclectic 
method.  It  is  not  by  taking  all  the  cases  which  at  first  sight  may 
appear  favourable  to  the  view  we  desire  to  uphold  that  we  shall 
arrive  at  the  truth.  No  doubt  there  are  regions  exposed  to  cold 
currents  of  Arctic  or  Antarctic  origin  which  are  very  much  colder 
in  summer  than  we  should  expect  from  the  sun -heat  corresponding 
^^toibiir  latitttdeay  just  as  there  are  regions  where,  owing  to  warm 
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ooiaii  ouTTentSy  the  winter  temperature  if  maoh  higher  than  we 
ilM>nld  antioipate  if  we  neglected  every  consideration  save  the  winter 
mn-heat  reoeived ;  but  we  moBt  make  our  selection  of  instances  in 
i&irer  way  than  by  taking  any  one  of  these  groups. 

No  doubt  direct  sun-heat  falling  on  ice  or  snow  is  not  a  very 
powerful  factor  in  giving  rise  to  a  thaw.  Even  in  these  climates 
me  may  Terify  that  observation.  Often  there  are  bright  crisp  days 
with  a  northerly  wind  after  a  fall  of  snow,  and  though  we  may  enjoy 
tho  warmth  of  the  sunshine,  the  snow  lies  on  the  ground  apparently 
unaffected  by  it.  But  soon  comes  a  southerly  wind,  on  a  raw  misty 
day,  whioh  feels  perhaps  far  colder  to  us,  and  a  sudden  thaw  sets  in. 
The  snow,  whioh  has  been  hard,  becomes  soft  and  sloppy,  and  finally 
disappears  with  wonderful  rapidity,  as  often  during  the  night  as 
during  the  day.  From  this  we  learn  that  though  sun-heat  fiilling 
directly  on  ice  or  snow  may  have  but  little  effect  in  melting  it,  yet 
it  is  a  most  effective  agent  if  first  applied  to  warm  the  land  or  sea 
elsewhere,  and  thus  indirectly  to  warm  the  air  passing  over  it,  which 
ttr  afterwards  passes  over  the  snow. 

What  we  see  on  a  small  scale  here  is  displayed  on  a  vast  scale  in 
the  sudden  thawing  of  the  great  river  basins  whioh  empty  into  the 
North  Polar  Sea.  Mr.  Henry  Seebohm,  in  his  "  Siberia  in  Asia," 
describes  how  suddenly  the  river  ioe  breaks  up,  and  with  what 
almost  inconceivable  rapidity  the  snow  thaws  over  a  vast  extent 
of  country  when  the  south  wind  sets  in.  In  the  oompanion  book, 
*' Siberia  in  Europe,"  p.  89,  he  says:  *' Summer  now  [10th  May] 
Beemeii  suddenly  to  have  burst  upon  us  in  all  its  strength ;  the  sun 
was  scorching,  the  snow  in  many  places  melted  so  rapidly  as  to  be 
almost  impassable."  But  by  far  the  most  striking  account  is  in  his 
Presidential  Address  to  the  Qeographical  Section  of  the  British 
Association  in  1893.  Here  he  speaks  of  the  *'  great  suddenness " 
with  which  the  snow  melts.  Again  (Report,  p.  828) :  **  The  stealthy 
approach  of  winter  on  the  confines  of  the  Polar  Basin,  is  in  strong 
contrast  to  the  catastrophe  which  accompanies  the  sudden  onrush  of 


Bommer." 


Again,  speaking  of  the  ooming  of  summer  in  the  basin  of  the 
Tenesei :  "  During  the  month  of  May  there  were  a  few  signs  of 
the  possibility  of  some  mitigation  of  the  rigours  of  winter.  Now 
and  then  there  was  a  little  rain,  but  it  was  always  followed  by  frost 
If  it  thawed  one  day,  it  froze  the  next ;  and  little  or  no  impression 
was  made  on  the  snow.  Between  May  16  and  30  ...  .  migratory 
flucks  of  wild  geese  passed  over  our  winter  quarters ;  but  if  they 
Were  flying  north  one  day,  they  were  flying  south  the  next,  proving 
beyond  doubt  that  their  flight  was  premature.  The  geese  evidently 
agreed  with  us  that  it  ought  to  be  summer ;  but  it  was  as  clear  to 
the  geese  as  to  us  that  it  really  was  winter.  We  afterwards  learnt 
that  during  the  last  ten  days  of  May  a  tremendous  battle  had  been 
raging  6<X)  miles  as  the  crow  flies  to  the  southward  of  our  position 
on  the  Arctic  circle.  Summer,  in  league  with  the  sun,  had  been 
fighting  winter  and  the  north  wind  all  along  the  line,  and  had  been 
hopelessly  beaten  everywhere,   as  we  were  witnesses  that  it  had 
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been  in  our  part  of  the  river.  At  length,  when  the  final  Tictoxj 
of  summer  looked  the  most  hopeless,  a  change  was  made  in  the 
oommand  of  the  forces.  Summer  entered  into  an  alliance  with 
the  south  wind.  The  sun  retired  in  dudgeon  to  his  tent  behind  the 
clouds,  mists  obscured  the  landscape,  a  soft  south  wind, played 
gently  on  the  snow,  which  melted  under  its  all-powerful  influence 
like  butter  upon  hot  toast ;  the  tide  of  battle  was  suddenly  turned, 
the  armies  of  winter  soon  vanished  into  their  water  and  beat  a  hasty 
retreat  towards  the  pole.  The  effect  on  the  river  was  magical.  Its 
thick  armour  of  ice  cracked  with  a  loud  noise,  like  the  rattling  of 
thunder ;  every  twenty-four  hours  it  was  lifted  up  a  fathom  above  its 
former  level,  broken  up  first  into  ice-floes  and  then  into  pack-ice, 
and  marched  down  the  stream  at  least  a  hundred  miles  [in  the  24: 
hours].  Even  at  this  great  speed  it  was  more  than  a  fortnight 
before  the  last  straggling  ice-blocks  passed  our  post  of  observation 
on  the  Arctic  circle,  but  during  that  time  the  river  had  risen  70  feet 
above  its  winter  level,  although  it  was  three  miles  wide ;  and  we 
were  in  the  middle  of  a  blazing  hot  summer,  picking  flowers  of 
a  hundred  different  kinds,  and  feasting  upon  wild  ducks'  eggs  of 
various  species.  Between  May  29  and  June  18,  I  identified  sixty- 
four  species  I  had  not  seen  previous  to  the  break-up  of  the  ice." 

And  yet  on  June  Ist  the  snow  was  6  feet  deep  at  his  post  of 
observation,  and  averaged  5  feet  in  the  million  and  more  square 
miles  which  are  drained  by  the  Yenesei,  an  area  four  times  that 
drained  by  the  Danube :  bo  suddenly  did  the  south  wiiid  melt  an 
area  of  one  miUion  square  miles  covered  with  snow  5  feet  deep. 
Nor  is  this  out  of  keeping  with  what  occurs  in  the  other  Arctic 
river  basins.  As  Mr.  Seebohm  puts  it  (p.  828),  *'the  sudden 
arrival  of  summer  on  the  Arctic  circle  appears  to  occur  at  nearly 
the  same  date  in  all  the  great  river  basins,"  though  probably 
nowhere  else  is  it  so  striking  as  in  the  Yenesei. 

What  becomes  of  Dr.  CroU's  theory  of  the  difficulty  of  melting 
the  snow?  Surely  we  might,  with  more  plausibility  than  CroU, 
affirm  that  the  Glacial  period  was  that  of  the  short  winter  and  long 
summer.  For  the  greater  heat  in  winter  would  then  be  almost 
wholly  given  to  the  more  southern  or  tropical  regions  of  the 
hemisphere,  no  difference  whatever  being  made  in  the  heat  received 
at  the  North  Pole ;  and  since  the  summer  heating  of  the  Gulf  Stream 
would  be  much  smaller  than  at  present,  it  would  convey  less  heat 
northward  in  winter  than  at  present  Hence  we  might  then  have 
even  more  winter  snow  in  northern  latitudes  than  now,  while  in  the 
coiiler  summer  we  might  look  in  vain  for  the  same  generous  warmth 
in  the  south  wind,  and  so  the  snow  would  increase  over  the  more 
northern  Arctic  regions,  and  by  cooling  these  would  spread  further 
and  further  south,  till  at  last  the  whole  land  was  wrapped  in  its 
icy  mantle ;  and  so  on.  In  truth,  when  once  we  leave  the  region 
of  quantitative  results,  and  plunge  into  that  of  loose  argument,  we 
are  reminded  of  the  proverb — you  pay  your  money  and  you  take 
your  choice.  The  subject  is  so  complicated  that  a  skilful  advocate 
oaD  always  make  out  a  plausible  case  by  carefully  selecting  the 
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ai^KiiiiieiiU  whidi  support  the  Tiew  he  defends,  aad  leaving  oot  all 
the  others. 

Still,  I  think  that,  after  reading  Seebohm's  graphio  aoooont  of  the 
estnordinarilj  sndden  triumph  of  summer,  no  one  will  be  disposed 
to  adopt  OroU's  view  as  set  forth  in  (E). 

(F)  II  seems  hardly  neoessary  to  disooss  this  aignment  now.  It 
is  easy  to  see,  snd  is  shown  in  the  paper  already  referred  to,  that 
there  is  eren  less  differenoe,  so  fkr  as  son-heat  is  oonoemed,  between 
oar  present  olimate  and  that  of  the  supposed  "genial  age"  than 
between  onr  olimate  and  that  of  the  supposed  **  Glaoial  age." 

(O)  Whether  the  stoppage  of  the  Gulf  Stream  would  result  from 
a  great  lowering  of  temperature  OTor  the  northern  hemisphere  is 
a  point  I  am  not  prepared  to  give  an  opinion  upon.  But  as  an 
argument  in  oonneotion  with  the  astronomioal  theory,  it  is  absolutely 
dependent  on  the  previous  aooeptanoe  of  (0),  (D),  (£),  and  (F),  and 
as  these  haye  been  shown  to  be  quite  erroneous,  it  is  unneoessary  to 
examine  into  (G). 

(H)  In  taking  this  position  as  to  the  summer  fall  of  snow,  Croll 
shows  sodi  a  ooorsgeons  resolve  to  take  the  bull  by  the  horns,  that 
a  oloee  oritiotsm  seems  too  prosaio,  and  the  best  eourse  is  to  allow 
(H)  to  maroh  out  with  all  the  honours  of  war. 

{To  ht  eontinmd.) 

in. — On  a  Soda  Fsi.8pab  Rook  at  Dinas  Hsad,  North  Coast  of 

Cornwall.* 
By  Howard  Fox,  F.G.S. 

DINAS  HEAD  is  a  promontory  4  miles  west  of  Padstow,  jutting 
out  into  the  sea  from  Trevose  Head,  and  separated  from  it  by 
an  isthmus  about  100  feet  above  sea-level,  whioh  is  washed  clear  of 
soil  by  the  groand  seas  which  sweep  over  it  from  the  north.  The 
headland  is  165  feet  above  sea-level  at  its  highest  point,  and  is 
almost  as  broad  from  north  to  south  as  it  is  long  from  east  ^o  west 
The  base  and  foreshore  of  the  headland  appear  to  be  entirely 
composed  of  greenstone  containing  much  calcite.  The  microscope 
shows  it  to  be  probably  an  altered  dolerite. 

Between  the  greenstone  and  the  slate  of  the  district,  as  well  as 
interbedded  with  the  slate,  we  find  a  rock  that  covers  about  an 
acre,  and  assumes  various  characters,  but  all  of  which  contain  nearly 
10  per  oent  of  soda  and  from  64*4  to  66*6  per  cent  of  silica.  The 
compact  varieties  of  this  rock  are  crypto-crystalline,  and  may  easily 
be  mistaken  for  cherts.  The  concretionary  and  spherulitic  varieties 
ihow  grains  and  blades  of  a  felspar,  which  is  doubtless  albite.  It 
varies  in  colour  from  creamy-gray  to  light-brown  and  dark  bluish- 
gray  ;  it  weathers  white,  and  is  often  studded  with  cavities,  some  of 
which  are  not  unlike  pholas-holes.  These  cavities  are  filled  with 
a  rusty-brown  material  containing  crystallized  quartz.  In  other 
places  this  rook  contains  lenticles  and  concretions  of  calcareous 
matter  of  considerable  size,  and,  when  it  is  interbedded  with  slate, 
it  is  densely  studded  with   small  rusty-brown  spots,   sometimes 

^  Bead  at  the  Britiek  Anociatioa  ^eetiag,  Oxfoxd,  AngUBt  10th,  1894. 
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irregular,  and  Bometimes  of  sach  forms  as  woald  be  yielded  bj 
rhombs;  they  are  undoubtedly  pseudomorphs  after  a  ferriferoM 
carbonate.  It  has,  in  places,  all  the  appearance  of  a  stratified  rook, 
and  is  distinctly  banded. 

In  one  locality  it  assames  a  nodular  form  with  the  nodules  at  tbe 
outer  edges  of  the  rock,  showing  a  radiated  or  sphemlitio  stmctus. 
The  sphemlites  vary  from  2  to  10  mm.  in  diameter. 

The  greenstone  is  posterior  to  and  intrusive  in  this  rook,  ind 
abruptly  cuts  across,  bends,  and  disorders  its  beds.  Extreme 
crushing  has,  in  places,  altered  the  original  junction-line  between 
the  two  rocks,  and  thrust-planes  and  fault  breccias  are  seen.  Qaaili- 
veins  traverse  both  rocks,  but  are  more  numerous  in  the  soda  rock. 

The  slate  is  occasionally  full  of  ferruginous  spots,  and  contains 
rusty -brown  concretions  in  the  same  manner  as  the  soda  rock ;  it  is, 
on  the  northern  side  of  the  headland,  interbedded  with  bands  of  bine 
limestone  from  a  few  inches  to  several  feet  in  thickness.  There 
are  a  few  bands  of  dark  impure  chert  at  the  western  end  of  the 
headland. 

A  rock,  rich  in  soda,  called  Adinole  is  said  to  occur  as  a  oontsot 
product  due  to  greenstone  in  the  Hartz.^  The  question  arises 
whether  this  Dinas  Head  rock  is  an  Adinole  or  a  soda  felsite. 
Before  stating  the  difficulties  in  the  way  of  either  hypothesis,  we 
will  examine  the  headland  more  in  detail. 

In  approaching  Dinas  Head  from  Trevose  Head  there  are  blocki 
of  quartz  lying  about  on  the  grass  which  from  a  distance  look  like 
sheep.  These  blocks  are  apparently  fissure  quartz.  One  of  them 
which  lies  nearest  to  the  public  road  to  the  lighthouse  is  composed 
of  orbicular  quartz,  internally  radiated,  the  individual  radiated 
spheres  varying  in  size  up  to  1  inch  in  diameter. 

The  isthmus  connecting  Trevose  Head  with  Dinas  Head  is  bare  ol 
soil,  the  slate  exposed  is  thinly  laminated,  bluish-brown,  and  friable 
with  traces  of  badly-preserved  organic  remains.  The  slates  show 
reeding  structure.  The  sea-water  that  breaks  over  it  from  the  nortl 
has  worn  channels  to  the  edge  of  the  precipitous  cliff  on  the  soutl 
side  at  **  a  "  in  the  annexed  Map  (which  is  copied  from  the  25-incl 
parish  map,  and  may  be  taken  to  be  approximately  accurate,  thougl 
only  indicating  some  of  the  numerous  faults).  In  one  of  thesi 
channels,  alternate  beds  of  this  soda  rock  and  of  slate  are  exposec 
for  a  length  of  thirty  feet,  dipping  in  a  northerly  direction  in  con< 
formity  with  the  prevailing  dip  of  the  district.  The  beds  of  th< 
soda  rock  vary  from  1  inch  to  several  feet  in  thickness,  they  weathei 
bluish- white,  with  prominent  thin  parallel  bands  or  ridges  so  closely 
set  that  there  is  often  only  1  mm.  between  them.  The  surface  ii 
pitted  all  over  with  minute  cavities  and  brown  spots.  Mr.  Teal] 
kindly  examined  a  section  of  this  rock,  and  sent  me  the  following 
description : — 

<<  Compact  banded  bluish-gray  rock  with  brown  rusty  spots 
Under  the  microscope  the  structure  of  the  main  mass  of  the  rock  ii 
■een  to  be  orypto-crystalline,  but  the  nature  of  the  material  oanno 

1  f%tU  Brit.  Petrology,  Teall,  pp.  217-219. 
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li  detwrntned.  Hw  brown  mity  spots  are  someHmei  irregnlar  wad 
MBslimea  of  snoh  fonna  u  woold  b«  yielded  b;  rbomba.  Then 
GUI  be  no  doubt  tiut  tbe;  ue  psendomorphs  after  a  ferriferaui 
DvlKiiute." 

Prooeeditig  westward  we  find  near  the  highest  point  of  the  head- 
Ind  some  slate  surrouDded  bj  the  soda  rook  at  "  b."  The  soda  rook 
i>  bne  mostlj  oompaot,  dark  blaiih-gray  ia  oolonr,  and  weathen 
white.    A  knife  will  not  soratoh  the  lUrk  rook  bat  will  soiatoh 
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DiAgramnutic  nmp  of  Dinaa  Head,  208  feet  to  the  inch. 

tbewbite  crust.  One  apeoimea  from  this  spot  shows  the  ferrnginous 
nstsriid  in  olosely  eet  parallel  bands,  or  in  curved  sutures,  or  massed 
tt^ether  somewhat  in  circular  form  on  one  side,  whilst  the  other 
■ide  of  the  speoimen  is  nniform  in  colour  with  several  minute  boles 
from  )  to  1  mm.  in  diameter. 

Descending  the  cliff  due  south  from  fhia  point  we  pass  over 
iltemate  exposures  of  greenstone  and  soda  rook.  The  latter  near 
ths  bottom  of  the  descent  is  at  "c"  thinly  bedded,  dipping  in  a 
sortlierly  direction  at  an  angle  of  about  85°.    It  is  studded  with 
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oylindrioal  cavities,  which  have  been  filled  with  msty-oolo 
material  containing  crystallized  quartz.  This  rusty  material  \ 
sionally  weathers  out  as  nodules  8-10  mm.  in  diameter,  proje< 
from  10-15  mm.  beyond  the  white  surface  of  the  rock.  The  i 
material  has,  however,  in  most  cases  worn  away  faster  than 
matrix,  and  left  the  rock  dotted  thickly  with  conspioaous  ri 
coloured  depressions.  In  some  places  the  rusty  material  f 
len tides  and  fills  up  cavities  between  the  beds  of  Uie  rock. 

Dr.  Hinde  examined  a  section  of  this  rock  for  me,  and  thus  r 
to  the  white  weathered  portion :  '*  The  white  crust  appears  as 
a   fiaky  character  and  forming   numerous  extremely  thin  la 
Whether  these  represent  layers  of  original  bedding  seems  dout 
but  it  is  possible  that  it  might  be  so." 

As  we  proceed  in  a  north-westerly  direction  from  "c"  we 
over  exposures  which  show  that  the  igneous  rock  was  posteri< 
and  intrusive  in  the  soda  rock,  the  beds  of  the  latter  being  ' 
disordered,  and  cut  across,  as  seen  in  Fig.  2,  which  with  Fi] 
and  3,  are  taken  from  the  original  sketches  of  Sir  Arch 
Geikie,  whom  I  had  the  pleasure  of  accompanying  to  the  spoi 
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Fio.  1.  Sketch  of  junction  of  greenstone  and  soda  rock  on  Southern  Cliff  of 
Head,  showing  movement  since  intrusion  of  greenstone. 

That  there  has  been  considerable  movement  since  the  intn 
of  the  greenstone  is  shown  by  Fig.  1,  where  a  thrust-plar 
indicated.  In  some  places  the  rocks  have  been  shattered  anc 
cemented  by  quartz,  and  quartz-veins  run  through  both  the  ign 
and  the  soda  rock,  being  more  numerous  in  the  latter.  In  one  j 
a  mass  of  soda  rock  15  feet  long  is  enclosed  in  the  greenstone. 

Further  west  we  find  the  cliflF  shattered  with  faults,  and  at 
the  soda  rock  and  the  dark  compact  slates  contain  round  and  oh 
rusty-coloured  concretions  of  dolomitic  character,  from  an  incl 
several  feet   in   diameter.     The   concretions   frequently   have 
centric  structures  around  them.     Just  above  "d"  there  are  doloi 
bands  4  feet  thick,  as  shown  in  Fig.  3.     Here  a  dolomitic  band 
4  feet  thick,  is  interbedded  with  dark  cherty  slates  "  a,"  in  w 
are  concretions  and  lenticles  of  dolomite,  many  of  the  concrel 
having  concentric  structure.     The  thrust-plane  "  c  "  has  a  doloi 
fault  breccia  lying  in  cakes  about  it.     A  section  of  a  concretic 
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Ihu  dMoribed  by  Ut.  Teeil ;  "  A  ooarsel;  cnyitalline  agK'vg"*^! 
nuioly  oompoaed  of  a  nrbonato  which  doM  not  efferveaoe  with  oold 
>ai.   Probably  a  dolomite." 


Fis.  2.  Sketch  of  jonctioQ  of  greeiutoiie  and  soda  rork  on  Boutbeni  Cliff  of  Dinai 
Read,  thowisg  that  the  gretutloae  nita  acron  and  diatorba  the  beds  of  the 
■odarock. 

Further  up  the  cliff  the  eoda  rock  and  Blate  are  interbedded,  both 
sbowing  niBty-co loured  lamination.  The  strata  between  these  faiille 
u«  mu(^  twisted  and  disordered.     In  one  place  a  dark  cherty  band 


ii  aecti  to  make  a  loop  several  feet  long,  enclosing  calcareous  rock. 
Blue  limestone  bands  are  also  interbedded  with  the  slates  in  this 
diitrici. 

'  We  find  aimilar  bands  of  <lark  clifrt,  rolled  with  dark  taJeweous  rock,  at 
CUwlna  Point,  Ij  milm  ewt  of  Dinas  Uvad. 
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Continuing  our  progress  along  the  northern  side  of  the  heulland, 
we  find  the  greenetone  and  soda  rock  muoh  intermixed,  and 
oompaot  blue  slate  is  interbanded  with  nnmerana  hlue  limestoaa 
bands,  from  a  few  inches  to  soTeral  feet  in  thioknesa,  dipping  south 
of  east.  Both  slate  and  limestone  occasionally  weather  in  circular 
boles  and  oontain  mstj-oolonred  material  in  the  same  way  as  the 
soda  rook. 

Dr.  Hinde  fonnd  that  a  section  of  the  bine  limestone  from  "  e" 
was  principally  made  of  eohinodennal  fragments,  probably  of 
crinoids,  snd  there  were  also  portions  of  Polyzoa  like  Fent»lella. 

At  "/"  we  find  this  soda  rock,  for  an  area  of  30  square  feet, 
assuming  a  gray  nodular  charaoter.  The  oompact  rook  passes  into 
one  composed  of  gray  nodules  from  3  to  10  mm.  in  diameter,  as 
shown  in  Fig.  4.  The  nodules  at  the  outer  edge  of  one  portion 
of  this  rook  ibow  sphsrulilio  structure.  The  spherulites  are  crowded 
together,  and  occasionally  attain  a  diameter  of  10  mm.  Thin  veins 
of  quartz  traverse  the  nodules,  which  often  weather  gray,  in  cup- 
shaped  prominences.  In  other  oases  they  weather  white,  and  the 
polygonal  sutures,  filled  with  ferruginous  matter,  give  the  rook 
a  soale-Iike  or  mosaic  appeamnoe. 


"  No.  353.  A  remarkable  spherulitio  rook.  Spheniles  sometimes 
measuring  ^  inch  in  diameter. 

The  oentral  portions  of  the  spherules  are  generally  composed  of 
cry pto-cry stall ine  material.  The  outer  portions  of  radiating  blades 
or  prisms  of  felspar,  presumably  albite.  Ferric  oxide,  probably 
resulting  from  the  decomposition  of  a  femferous  carbonate,  is 
Boaltond  through  the  slide  in  irregular  patches,  and  oonoentratsd  in 


id  Dim  Head,  North  Cornwall. 


19 


mnt.    Some  of  the  patohes  by  their  form  enggeet  that  the  ferric 
oxide  it  a  paeodomorph  after  a  oarbonate. 

The  interferenoeof  adjacent  sphemlites  produce  polygonal  eutares, 
in  whioih  the  ferrie  oxide  ia  sometinieB  oonoentrated ;  but  it  occurs 
alio  in  the  apberalites. 

Na  854.  Similar  to  the  last  Ferric  oxide  in  radial  streaks 
between  the  Uades  or  prisms  of  felspar  which  form  the  radial 
portions  of  the  apberalites. 

No.  355.  Similar  to  above,  but  with  the  ferric  oxide  almost 
wholly  concentrated  in  the  polygonal  sutures  formed  by  the  mutual 
interference  of  adjacent  spherulites." 

As  the  mioroaoope  fiuled  to  disclose  the  composition  of  this  rook| 
I  sent  specimens  of  the  three  chief  varieties  to  Mr.  J.  J.  Berinseri 
F.C.8.,  of  Camborne,  who  kindly  consented  to  analyse  them.  He 
entrusted  mooh  of  the  work  to  his  pupil,  Bir.  Arthur  F.  Hosking, 
and  sent  me  the  following  results : — 

L  Specimen  was  the  light  brownish  chert-like  variety,  weathering 
white,  with  cavities  filled  with  rusty-brown  material  from  "e"  in  map. 
IL  Specimen  was  the  dark  bluish-gray  compact  variety,  weather- 
ing white,  from  ^  fr  "  in  map. 

IlL  Specimen  was  the  gray  nodular  variety  from  *</"  in  map. 
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Mr.  Beringer  adds:  ''The  silica  in  III.  was  not  directly  de- 
termined. The  alkali  is  mainly  soda;  by  trituration  with  acid  it 
represented  9*6  per  cent,  of  soda,  on  the  assumption  that  soda  was 
the  only  alkali  present.  In  I.  and  III.  the  bulk  of  the  iron  and 
lime  is  in  a  form  easily  soluble  in  acids ;  this  is  partly  true  of  IL, 
but  the  soluble  fraction  is  very  small." 

In  a  subsequent  communioation  Mr.  Beringer  informed  me  that 
the  potash  in  one  of  these  specimens  was  047  per  cent 

I  am  indebted  to  Mr.  J.  Hort  Player,  F.C.S.,  of  London,  for  the 
follo¥ring  analysis  of  the  compact  light-browu  ohert-like  rock  from 
*'  e/'  free  from  weathered  crust  or  nodules. 
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TheBe  analyses  show  that  if  this  Dinas  Head  rock  be  an  adinole 
it  contains  a  larger  per-centage  of  soda  than  any  adinole  hitherto 
analysed. 

Schenck  found  in  the  Hartz  adinole  7*14  per  cent  of  soda  in 
one  specimen,  and  Eayser '  found  7*54  per  oent.  of  soda  in  adinole 
next  the  diabase. 

That  the  greenstones  of  the  Dinas  Head  district  contain  enough 
soda  to  account  for  the  impregnation  of  sedimentary  rocks  into 
which  they  have  intruded  may  be  inferred  from  Mr.  J.  A.  Phillips' 
analyses  of  many  so-called  greenstones  in  North  and  Central 
Cornwall,  published  in  the  Quart.  Joum.  Geol.  Soc  for  1878,  in 
which  he  records  several  of  them  as  containing  over  5  per  cent,  of 
soda ;  one  as  much  as  5*84  per  cent 

Supposing  the  Dinas  Head  rock  to  be  an  adinole,  two  difficulties 
have  to  be  met:  How  does  it  become  interstratified  with  slate? 
How  do  the  spherulitic  and  concretionary  structures  arise  ? 

Mr.  Teall  informs  me  that  the  presence  of  ferriferous  carbonate 
favours  the  theory  of  its  being  an  altered  sedimentary  rock,  whilst 
the  spherulitic  and  concretionary  structures  favour  the  theory  of  its 
being  an  igneous  rock,  viz.  a  soda  felsite  or  keratophyre. 

I  am  not  prepared  to  explain  the  origin  of  this  rock,  but  it  is 
certainly  of  interest  on  account  of  its  remarkable  composition. 


IV. — On  some  Fossil  Ostbaooda  fbom  Canada. 
By  Prof.  T.  Rxn»ERT  Jones,  F.R.S.,  F.G.S.,  etc. 

(PLATE  II.) 

Contents. 

6  1.  Introduction. 

9  2.  Description  of  the  Species. 

I.  Pleistocene.     KoUinf^  River. 

1.  Candona  Candida  ^Miiller). 
?  Ilyobates  reptatu  (Baird). 

2.  Cytheridea  Tyrrelliiy  sp.  nov. 

II.  Loose  block.     Milk  River. 

3.  FontoeyprU  pyr^formiSf  sp.  noY. 

4.  Cyprit  Dawtofiij  sp.  nov. 

5.  Ilyocypris  oblongay  sp.  nov. 

III.  Saint-Mary-River  Beds.    Milk  River. 

6.  Cytherey  sp.  indet. 

7.  Candona  (t)  Saneta- Maria y  sp.  nov. 

8.  Cytherella  cruciferOy  sp.  nov. 

IV.  Saint- Mary- River  Beds.     Old- Man  River. 

9.  Candona  (?),  sp.  indet. 

§  1.  Introduction. 

THE  specimens  here  referred  to  belong  to  the  Geological  Survey 
of  Canada,  having  been  collected — I.  some  (of  Quaternary 
axe)  by  Mr.  J.  B.  Tyrrell,  B.Sc.,  F.G.S.,  in  1887,  on  the  Rolling 
River  two  miles  above  Heart  Hill  in  Manitoba. 

II.  Small  pieces  of  a  loose  block,  lying  by  the  South  Branch  of 

'  Kajser,  Hartz  Z.  Geol.  Ges.  xxii.  1870,  p.  103. 
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iho  Milk  Biver,  in  Southern  Alberta,  North-west  Territory,  but 
belonging  to  the  Saint-Mary-Biver  Beds.  Collected  by  Dr.  G.  M. 
Dawson  in  1874,  when  he  was  the  Geologist  and  Botanist  to  the 
British  North- American  Boundary  Commission. 

III.  Some  specimens  from  the  Saint-Mary-Biver  Beds  of  the 
Lower  Laramie  series,  on  the  North  Branch  of  the  Milk  Biver,  and 
of  either  newest  Cretaceous,  or  oldest  Tertiary  age ;  also  collected 
by  Dr.  G.  M.  Dawson  in  1874. 

IV.  One  small  specimen  from  the  St-Mary-Biver  Beds ;  collected 
by  Dr.  G.  M.  Dawson  in  1881,  on  the  Old-Man  Biver  in  the 
Alberta  District. 

With  regard  to  II.  and  III.  we  note  that  in  Dr.  Dawson's  "Beport 
on  the  Geology  and  Besources  of  the  Begion  in  the  Vicinity  of  the 
Forty-ninth  Parallel,"  etc.,  1875,  the  geology  of  the  First  [now 
the  South]  Branch  of  the  Milk  Biver  is  briefly  noticed  at  page  130; 
and  the  Second  [now  the  North]  Branch  (14  miles  to  the  west)  at 
page  131.  The  fossils  generally  at  these  sections  appear  to  have 
freshwater  characters  for  the  most  part  (pages  155-158).  See  also 
further  on,  page  25. 

§  2.  Desertption  of  the  Species. 

From  among  the  several  more  or  less  distinct  examples,  the 
following  have  been  selected. 

Only  with  two  or  three  of  the  figured  specimens  (as  Figs.  1  and  3) 
is  there  direct  evidence  of  the  exact  outline  of  the  margins  of  the 
valves,  as  shown  in  Figs.  6  and  c  throughout  the  series,  owing  to 
the  imbedment,  or  the  close  adherence  of  the  valves  to  the  rook  by 
their  edges.  For  the  same  reason,  for  want  of  direct  evidence  of 
the  hingement  of  the  valves,  the  generic  position  of  the  majority  is 
very  uncertain,  and  only  provisionally  suggested. 

Mr.  Frederick  Chapman  has  kindly  helped  me  in  preparing  and 
determining  the  specimens. 

I.  Seven  small  pieces  of  grey  and  yellowish  friable  marl,  con- 
taining numerous  thin  shining  valves,  and  casts  of  similar  forms, 
^ese  are  from  the  Boiling  Biver,  Manitoba.  The  geological 
conditions  are  described  at  pages  115  £,  and  116  E,  of  the  '*  Beport 
on  North-western  Manitoba,  with  portions  of  the  adjacent  districts 
of  Assiniboia  and  Saskatchewan."  By  J.  B.  Tyrrell,  M.A.,  B.Sc, 
F.G.S.  Part  E  of  Annual  Beport  of  the  Geological  Survey  of 
Canada,  vol.  v.  1889-90-91.     8vo.     Ottawa,  1892. 

Thus  :— 

Boiling  Biver  was  examined  from  a  point  a  short  distance  west 
of  the  101st  meridian,  where  it  is  about  2250  feet  above  the  sea.  It 
is  here  a  small  stream  in  a  valley  fifteen  feet  deep,  with  a  Spruce 
swamp  on  both  sides.  Its  bed  is  covered  with  boulders,  and  its 
channel  is  much  obstructed  by  beaver-dams.  A  short  distance  lower 
down  it  flows  in  a  deep  valley,  the  sides  of  which  show  some 
excellent  sections  of  Pleistocene  deposits.  One  of  these  sections 
on  the  north  bank  is  as  follows : — 
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2.  Unstratified  Till  with  striated  pebbles      ^     22     0 

3.  Stratified  sandy  clay,  becoming  almost  a  pure  laminated  clay  at  bottom, 

where  it  contains  many  plants  and  freshwater  sheUs, — such  as  Taxu* 
baeeataj  Elodea  CanadermSf  Vallisneria  ?,  Navieula  lata,  Eneyonema 
prostratuntf  Denticula  lauta,  Zienwphoray  Coeeoneit ;  LymfUM  eata^ 
scopiumff  Valvata  triearinata  fand  a  keelless  yariety),  Amnicola 
porata  ?,  Planorbis  parvus  P,  P,  hicarinattu,  Piiidium  abditumf  and 
Sphitriutn  ttriatinum 

4.  Stratified  grey  sandy  clay 

5.  Slightly  sandy  stratified  clay,  coloured  dark-brown  with  bituminous 

matter,  and  containing  a  few  small  biyalyes      
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Coyered  down  to  the  water       

The  specimens  under  notice  were  probably  taken  from  the  stratum 
No.  3  of  the  foregoing  section. 

Oandona,  Baird,  1845. 
1.  Candona  oandida  (Mi) Her,  1785).    PI.  XL  Figs,  la,  b,  e. 

Length  1*88,  height  '88,  thickness  *8  mm. 

The  most  common  Ostracods  in  these  marls  are  such  as  Is  shown 
by  Fig.  1,  evidently  closely  related  to,  and  probably  identical  with, 
the  freshwater  Candona  Candida  (Miiller),  especially  as  shown  by 
pi.  i.  figs.  8a,  h,  c,  and  described  at  p.  19,  "  Monogr.  Tert  Entom. 
England,"  PalsBont.  Soc.  1856,  and' "Supplement,"  1889.  p.  18. 
The  posterior  extremity,  however,  is  thicker  than  in  fig.  85,  and  is 
such  as  is  seen  in  some  vaneties  of  the  species,  as  depicted  by  Brady 
and  Norman  in  pi.  10,  "Transact.  Royal  Dublin  Society,"  series  2, 
vol.  iv.  p.  38,  1889,  and  chiefiy  in  the  male  individuals.  For  a 
bibliography  of  Candona  Candida  as  a  living  Ostraood,  see  Wenzel 
Yavra*s  memoir  on  the  Ostracoda  of  Bohemia,  in  the  Archiv 
naturw.  Landesd.  Bohmen,  vol.  viii.  No.  8,  1891,  p.  48. 

The  specimens  under  notice  are  subreniform  and  rather  elongate ; 
with  unequal  ends,  the  anterior  being  smaller  and  more  compressed 
than  the  posterior  extremity.  The  dorsal  margin  is  arched,  but 
straight  along  the  hinge-line;  the  ventral  edge  is  sinuous,  with 
its  middle  part  incurved.  Surface  smooth,  neatly  and  moderately 
convex ;  somewhat  fuller  behind  than  in  the  front  third. 

Several  in  the  freshwater  marl  on  the  Rolling  River,  which  at 
about  101°  W.  Long,  and  64°  N.  Lat.  runs  from  the  Ducks  Mountains 
into  the  Swan  River  for  the  Swan  Lake ;  and  this  is  connected  with 
the  south  side  of  the  northern  part  (Dowson's  Bay)  of  the  Winne- 
pegosis  Lake,  in  Manitoba.  See  the  Qeol.  Mag.  1898,  p.  888,  for 
some  remarks  on  an  analogous  Candona  from  the  Montana  formation 
in  Utah,  n.S.A. 

On*  or  more  speciment  having  the  appearanoe  of  Byohaten  reptam 
^^in^orfeot 
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Ctthebidba,  Bosquet,  1850. 

2.  Cythcbidsa  Tybbellii,  sp.  nov.     PI.  II.  Figs.  2a,  h,  c. 
Length  *72,  height  '44,  thickness  *32  mm. 

Trigonal,  brockdly  roonded  in  front,  obliquely  subacute  behind  ; 
larfaoe  not  much  raised,  almost  flat,  and  sloping  off  suddenly  to  the 
edges.  Two  or  three  small  knobs  or  pimples  are  grouped  on  the 
middle  of  the  valve,  and  near  by  there  is  one  larger  and  closer 
to  the  dorsal  edge.     The  surface  also  is  punctate. 

The  outline  and  sculpturing  of  the  shell  are  not  strange  in 
C^ilieridea;  C,  Hvdlerif  var.  torosaf  Jones  (Monogr.  Tert  Entom. 
p.  42,  pi.  vi.  fig.  12,  is  one  of  the  nearest  of  the  published  forms). 
The  species  under  notice,  named  after  its  discoverer,  is  rather 
common  in  the  marl  from  Boiling  Biver,  Manitoba.  It  probably 
lived  in  brackish  water. 

The  species  Nos.  1  and  2  indicate  freshwater  and  brackish  con- 
dition for  the  deposits  in  which  they  occur. 

n.  Seven  small  pieces  of  an  '*  unattached  "  block,  found  on  the 
South  Branch  of  the  Milk  Biver.  They  consist  of  dark -brown  or 
blackish  limestone,  containing  small  Gasteropods  like  Paludina  and 
fragments  of  Cyrena-Vike  valves,  together  with  several  black  and 
dark-brown,  shining  Ostracoda.  Although  met  with  where  the 
South  Branch  runs  over  the  Belly-Biver  Beds^  (Cretaceous),*  this 
block  was  recognized  as  belonging  to  the  Saint-Mary -Biver  Series, 
as  explained  at  37  C  of  the  "  Geological  and  Natural -History  Survey 
and  Museum  of  Canada,  Beport  of  Progress,  1882-3-4,"  8vo. 
Montreal,  1885,  with  maps. 

PoNTOCYPRis,  G.  0.  Sars,  1865. 
3.  PoNTOCYPRis  PYRiFORMis,  sp.  nov.     PI.  II.  Figs.  3a,  b,  c. 
Length  -72,  height  "4,  thickness  '32  mm. 

Trigonal,  pear-shaped,  boldly-rounded  in  front,  contracted  to  a 
sharp  point  behind ;  boldly  arched  on  the  dorsal  and  sloping  with 
a  slight  sinuosity  on  the  ventral  border,  both  meeting  at  an  acute 
angle  posteriorly.  Surface  smooth,  moderately  and  almost  uniformly 
convex,  but  slightly  more  swollen  towards  the  ventral  region. 
Probably  of  brackish-water  habitat.  One  valve  in  blackish  lime- 
stone from  an  unattached  block  found  at  the  South  Branch  of  the 
Milk  River,  N.W.  Territory. 

Among  several  published  forms  more  or  less  resembling  this  in 
shape,  one  variety  of  Beuss's  Cytherideis  Icevigata  (in  Geinitz's 
"Elbthalgebirge  in  Sachsen,"  1874,  p.  150,  pi.  xxviii.  fig.  3)  is 
perhaps  the  nearest  in  shape,  but  it  is  not  so  pyriform,  and  is  much 

^  These  strata  on  the  South  Branch  (Report  of  Progress,  1885,  page  39  C^  show 
randstones,  with  some  ironstone ;  and  a  few  miles  further  down  these  are  overlain  by 
peyish  and  blackish  bedded  shales  and  saudstones,  with  a  carbonaceous  layer ;  and 
u  them,  among  some  fragments  of  shells,  Unio  was  determined. 

'  Ibid.  p.  119  C. 
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thicker,  the  Talve  being  more  convex.  A  much  more  pyriform  valve 
of  PontoeypriSf  with  an  acute  posterior  extremity,  is  Beusa's  Bairdia 
subfalcataf  Sitzungsb.  Akad.  Wiss.  Wien,  vol.  xviii.  1885,  p.  253, 
pi.  ix.  fig.  91 ;  but  it  is  much  narrower  than  our  Fig.  3,  and  its 
ventral  margin  is  much  more  incurved. 

One  specimen  in  the  loose  block  of  Saint-Mary-Biver  Beds. 

Cypbis,  Miiller,  1785. 

4.  Ctpbis  Dawsoni,  sp.  nov.     PL  II.  Figs.  4a,  6,  c. 
L6ng:tli  1'32,  height  *64,  thickness  '66  mm. 

A  neat  suboblong  valve,  straight  on  the  ventral,  elliptioally  curved 
on  the  dorsal  margin ;  ends  almost  equal  in  their  semicircular  curve, 
but  the  anterior  rather  smaller  and  more  compressed  than  the 
posterior ;  both  curving  off  from  the  dorsal  and  meeting  the  ventral 
margin  with  a  definite  angle.  Surface  gently  convex ;  smooth ; 
minutely  dimpled  with  probably  the  remains  of  a  punctation  nearly 
worn  away  or  partially  dissolved ;  it  is  also  marked  centrally  wiA. 
an  obscure  dark  muscle-spot. 

Named  after  Dr.  Q.  M.  Dawson,  F.B.S.,  who  collected  this  and 
many  other  interesting  specimens  of  Natural-history  in  his  ex- 
pedition along  the  49th  parallel. 

There  are  some  few  forms  of  the  marine  genera  Xestolehens  and 
Krithe  that  have  an  approach  to  this  figure  in  shape;  but  it  is 
among  some  freshwater  genera  that  we  find  the  nearest  resemblances. 
Ostracods  of  this  form,  with  straight  ventral  and  well-arched  dorsal 
margin,  and  nearly  equal  ends,  are  mostly  found  among  the  fresh- 
water Cypridida ;  and  of  the  published  figures  we  may  point  to — 

1.  Cypris  incongruenty   Ramdohr.     Trans.   Linn.   Soc.   yol.   xxyi.  1868,  p.  36S, 

pi.  xxiii.  figs.  16-19. 

2.  Seottia  Broumiana  (Jones).     Trans.  R.  Dublin  Soc.  ser.  2,  toI.  iy.  1889,  p.  72, 

pi.  ix.  figs.  23,  24. 

3.  Erpetocypris  strigata  (Miiller).    Ibid,  p.  85,  pi.  Tiii.  figs.  14,  15. 

The  first,  however,  differs  from  our  Fig.  4  in  the  outline  of  both 
extremities ;  the  second  is  by  far  too  tumid,  and  has  a  too  boldly 
arched  back  ;  and  the  third  has  the  proportions  of  the  ends  reversed, 
that  is,  it  is  somewhat  higher  in  front  than  behind. 

This  one  specimen  is  in  a  piece  of  the  loose  block  found  at  the 
South  Branch  of  the  Milk  River,  but  belonging  to  the  Saint-Maiy- 
Biver  Beds  higher  up  the  valley. 

Iltootpris,  Brady  and  Norman,  1889. 
5.  Ilyooypris  oblonoa,  sp.  nov.    PI.  U.  Figs.  Ba^  6,  c 

Length  1*12,  height  '6,  thickness  '10  mm. 

Oblong,  slightly  sinuous  on  the  dorsal  and  quite  straight  on  the 
ventral  margin,  gently  curved  at  the  ends,  each  of  which  meets  the 
dorsal  edge  with  a  curve,  and  the  ventral  with  a  blunt  angle.  The 
anterior  slightly  smaller  than  the  other  end.  Surface  gently  and 
irregularly  convex,  sloping  down  to  the  edges ;  obscurely  dimpled 
•U  over;  marked  with  an  obsoure  central  muscle-spot  in  a  faint 
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deprenion,  and  behind  it  with  two  roughly  triangular  suloi,  olose 
together,  and  reaching  to  the  hinge-line. 

CoMdona  eupUctella,  Bobertson,  Brady,  and  Norman,  has  a  nearly 
oblong  outline,  but  no  •ulcus,  and  is  too  thick  to  be  comparable  with 
oor  Fig.  5.  On  the  other  hand,  some  examples  of  the  freshwater 
Utmcffihere  and  Iljfoeypria  have  variable  transverse  depressions  and 
nboblong  valves ;  and  of  these  Hyoeyprii  gtbha '  (C^prts,  Bamdohr) 
has  the  nearest  resemblance  to  Fig.  5.  Bythoeythere  eonstrieta,  G*  0. 
Sara,  is  one  of  the  few  analogues  among  the  marine  Cytherida, 

Four  specimens  in  fragments  of  the  unattached  block  of  Saint- 
Hary-Biver  Beds,  above  mentioned. 

Noe.  S,  4y  and  5  indicate  brackish  and  freshwater  habitats. 

ni.  Six  small  specimens  of  light-  and  dark-brown  limestone,  four 
from  the  nodular,  and  two  from  the  concretionary  layer,  with  small 
PoisdtiuB,  from  the  North  Branch  of  the  Milk  Biver,  which,  in  the 
^'Beport  of  Progress,  Oeol.  Survey  of  Canada,"  1885,  at  pages  13  C 
ttd  36  0,  is  desoribed  as  rising  in  the  foot-hills  south  of  the  49th 
panllel;  crossing  that  line  near  the  113th  meridian,  it  pursues  a 
north-easterly  tortuous  course.  Its  North  Branch  was  termed  the 
''Seoond  Branch  "  in  the  "  Beport  on  the  Geology  and  Besources  of 
the  49th  Parallel,"  p.  131 ;  and  its  geology  was  described  in  the 
"Keport  of  Progress,"  1886,  pages  36  C  and  37  C,  thus  :— 

The  strata  in  the  river-valley  here  belong  to  the  Saint-Mary- 
River  subdivision,  showing  about  fifty  feet  of  soft  sandstones  and 
shales,  with  harder  bands,  one  of  which  is  a  nodular  ferruginous 
limestone,  one  foot  thick,  with  BultnuSf  Limnaa,  Physa,  and  Spharium. 
A  loose  block  of  similar  rock  was  found  about  fourteen  miles  south- 
eastward, at  the  crossing  of  the  49th  parallel  and  the  South  Branch 
of  the  Milk  Biver  (termed  "  First  Branch  "  in  the  Beport  of  1875) ; 
and  the  stratum  to  which  it  belonged  is  the  same  as  that  occurring 
in  the  upper  part  of  the  Saint-Mary-Biver  Series  (page  58  C). 
This  series  constitutes  the  lowest  portion  of  the  Laramie  formation  ; 
and  consists  of  sandstones,  shales,  and  shaly  clays  in  frequent 
alternations,  and  generally  well  bedded.  Freshwater  except  near 
base:  2800  feet.  See  also  pages  114  C,  97  C,  57  C,  and  37  C,  for 
other  details.  With  the  Willow-Creek  Beds,  next  in  upward 
snccession,  and  the  Porcupine-Hill  Beds  at  the  top,  these  three 
Bobdivisions  constitute  the  Laramie  Group  in  the  District  of  the 
North-west  Territory.  But  some  of  the  Laramie  is  regarded  as 
^sitional  from  the  Cretaceous  to  the  Tertiary ;  the  plant-remains 
being  Tertiary,  and  the  other  fossils  Cretaceous. 

Cythebe,  Muller,  1785. 

6.  Ctthkbk,  sp.  indeterminate.     PI.  II.  Figs.  6a,  6,  e, 
length  I'O  ?  height  '6  mm. 
Two  contiguous  valves,  showing  insides ;  both  imperfect,  but  one 

*  For  SponjmB,  see  Supplem.  Monogr.  Tert.  Gntom.  Pal.  Soc.  1889,  p.  9 ;  and 
"mi.  B.  DabUn  Soo.  ser.  4,  toI.  ii.  1889,  p.  107. 
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of  them  (apparently  a  right  valve)  retains  all  its  outline  except  the 
antero-ventnd  curve.  The  edges  have  been  divested  of  their  special 
characters  by  the  loss  of  substance. 

Valve  broad-oblong,  with  the  dorsal  and  ventral  margins  nearly 
straight  and  parallel ;  hinge-line  distinct  but  not  the  method  of 
hingement ;  semicircular  posteriorly,  and  obliquely  rounded  (broken) 
anteriorly. 

Such  subquadrate  carapaces  occur  among  sp^ies  of  Cytheref 
Cytheridea,  and  Loxoconcha :  as  Cythere  fiuca,  C,  Jurinei,  C.  lutea^ 
and  Loxoconehe  pusilla.  In  the  "  Proceed.  Bath  Nat.  Hist  Antiq. 
Field  Club,"  vol.  vi.  1868,  pi.  i.  fig.  6,  shows  such  an  oblong  Cytkere, 
and  figs.  5y  7,  and  8  some  Cytheridea  of  similar  shape,  all  from  the 
Fuller's-earth  Oolite. 

The  absence  of  characteristic  features  beside  the  mere  outline 
precludes  a  definite  determination  beyond  the  fact  that  the  species 
may  be  assigned  to  the  marine  genus  Cythere. 

This  specimen  of  two  valves  occurs  on  the  same  piece  of  limestone 
with  Fig.  7. 

Candona,  Baird,  1845. 
7.  Candoma  (?)  SAMOTiE-MARiiB,  sp.  uov.    PI.  XL  Figs.  7a,  h,  e. 

Length  1*84,  height  '92,  thickness  '8  mm. 

Suboblong  and  irregularly  elliptical  ;  semicircular  in  fronts 
narrower  and  obliquely  rounded  behind ;  ventral  edge  slightly 
convex,  dorsal  partly  straight  (on  the  hinge-line),  rapidly  curving 
in  front,  and  curved  with  a  gentler  slope  behind,  making  a  narrow 
and  almost  subacute  oblique  posterior  margin.  Surface  smooth  and 
uniformly  convex,  but  more  gently  sloping  in  the  dorsal  than  in 
the  ventral  region  (Fig.  7c). 

Two  specimens  in  greyish-brown  limestone  of  the  nodular  layer, 
with  small  molluscs  like  Paludina,  Planorbia,  etc  From  the  North 
Branch  of  the  Milk  Kiver. 

This  form  of  carapace- valve  is  rare  among  the  Ostraooda  generally, 
but  there  is  an  approach  to  it  in  Cythere  sometimes  (as  in  C.  teres. 
Trans.  R.  Dublin  Soc,  n.s.  vol.  iv.  p.  133,  pi.  xiv.  figs.  36,  37) ;  also 
occasionally  in  Krithe,  but  from  this  it  difiers  posteriorly.  Its 
nearest  figured  representative  is  the  freshwater  Candona  lactea  as 
shown  in  the  Trans.  Linn.  Soc.  vol.  xxv.  pi.  xxiv.  figs.  54r-68. 

Cythebella,  Bosquet,  1852. 
8.  Cythebella  gruoifbba,  sp.  nov.     PI.  II.  Figs.  8a,  5,  e. 

Length  1*75,  height  1-2,  thickness  1*04  mm. 

Yalve  obtusely  suboval;  ends  almost  equal;  one  edge  less  fully 
curved  than  the  other ;  uniformly  convex,  smooth,  and  marked  with 
a  small,  round,  central  depression,  which  is  divided  into  four  little 
triangular  spaces  by  a  very  slightly  raised,  whitish,  cruciform  line. 

Unfortunately  we  cannot  judge  of  the  marginal  characters  of 
this  specimen.  The  oval  and  smooth  aspect  suggests  the  marine 
Cytherefla  for  the  genus ;  and  the  full  convexity  is  not  inimical  to 
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the  idea,  for  C.  avaia  (Boemer),  C.  eOipfMa,  Bmdy,  and  parHoularly 
C,  lata,  Bndy,  are  more  oonvex  than  the  generality  of  the  speoies ; 
and  80  alao  BogqiteUa  robuiia,  Brady,  Bobertaon,  and  Norman,  a  near 
•llv,  thongh  Bmaller,  is  relatively  qaite  aa  oonvez.  None  of  these 
exhibit  bo  peonliar  a  mneole-spot  as  is  seen  in  Fig.  8a.  The  yalve 
under  notioe  probably  belonged  to  a  Cytherdla,  but  is  different  from 
any  known. 

One  specimen  from  the  Saint-UaTy-Biver  Beds  on  the  North 
Branch  of  the  Hilk  Biver,  North-west  Territory. 

The  species  Nos.  6  and  8  indicate  marine,  and  No.  7  freshwater 
conditions,  for  the  Saint-Mary-Biver  Beds  from  which  they  came. 
Sometimes  flaTiatile  species  are  brought  down  to  the  sea-beaches ; 
and  for  an  example  see  Monogr.  Tert  Entora.  PaL  Soa  1856, 
page  17.  Nos.  3,  4,  and  5  (pages  28, 24)  from  a  loose  block  of  Saint- 
Jfary-BiTer  Beds  are  freshwater  and  brackish,  without  anything 
definitely  marine.  No.  9  also,  from  the  Old-Man  Biver,  is  in  favour 
of  freshwater  conditions. 

lY.  One  small  specimen  of  brownish  limestone  of  the  Saint-Mary- 
Biver  Beds  from  the  Old-Man  Biver,  Alberta  District,  North-west 
Territory.  It  contains  a  distinct  joint-edge,  in  the  united  dorsal 
margins  of  two  valves  of  an  Ostracod. 

The  Old-Man  River,  a  tributary  of  the  Belly  River,  runs  eastward 
(about  48°  40'  N.  lat)  from  the  Livingstone  ttange  (about  114°  40' 
W.  long.) ;  and  its  "north  bend"  (about  49°  70'  N.  lat.  and  113°  30' 
W.  long.)  runs  on  the  Saint-Mary-River  subdivision  (lowest)  of  the 
Laramie  formation.  See  the  "Report  of  Progress"  for  1882-84, 
page  67  C,  and  Map  No.  1. 

Cakdona,  Baird,  1845. 

9.  Candoka  (?),  sp.  indeterminate.     PI.  11.  Fig.  9. 
Length  1*44,  height?,  thickness  '56?  mm. 

Dorsal  junction  of  two  valves;  hinge-line  defined  by  the  slight 
prominences  terminating  the  inflection  of  the  edges. 

This  resembles  to  some  extent  the  external  appearance  of  the 
bingement  and  dorsal  aspect  of  several  species  among  the  marine 
Cijiherida, — namely,  Cytherura,  Xestoleberts,  Kritke, — but  more  closely 
that  frequently  seen  in  the  freshwater  Cypris  and  Candona,  such 
as  Cypria  virens,  Candona  elongata,  and  C.  caudida ;  and  it  is  here 
placed  provisionally  under  Candona.  Of  course  its  specific  relation- 
ship cannot  be  determined^  for  want  of  further  evidence. 

Note. — The  generic  relationships  of  all  the  foregoing  species  are 
for  the  most  part  uncertain,  the  hingement  being  very  rarely 
utdicated  by  exposure  or  definite  outline. 

EXPLANATION    OF   PLATE    II. 
fThe  figures  are  magnified  25  diameters.) 
^10.  1.  CandotM  eandida  (Miiller) ;   a,  right  \ 

Pm  0    n  7^^""^  ^^^^^'^ '  '»  ^°^  "^7.:    I.  EoUing  River.    Pleistocene. 
'W.  2.  Cythertdea  TyrrellUy  sp.  nor. ;  a,  left  i  ® 

TftlTe ;  h,  edge  view ;  0,  end  riew.  ) 
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Tig.  3.  I^mi4icfpru  fjrifwmu^  ip.  bot.  :   «. 
left  raire:  ^,  edc*  Tirv:   r.  ead 

Fig.  4.  CyprM    Zw  —i.  ip.  bot.:    «.  kfs  »n.  LocMeUodL    ' 

TUTe :  (.  cdre  iw :  r.  ead  vifv. 
Fio.  5.  Jlfneypris  tilmf9^  fp.  bot.  :  c,  ri£^  , 

TiJTe ;  *,  t&t  Tiew :  r.  ead  liem^. . 
Fig.  6.  CyUure,    ip.    mdefaBimc.      Tto 

ralrei.  imperiect.  I 

Fio.  7.  ^^^''^^  ^T^'^^^J^-  ^-j.    m.  XoHli  Bmrii, 
«.  ieft  vaire ;  #,  edge  tkv  ;  r,  cad  ^ 

view. 
Fig.  8.  C^kerelU  trmeiferm,  sp.  bot.  ;  «.  rierbt 
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A  Descriptiov    of   thb   sq-callkd   Sauioxoid    F18HS8   or  thi 
Ehgush  Chalk.     By  A.  Smith  Woodward,  F.G.S.^ 

OF  English  Cretaoeoos  fishes  three  genera  (Otaierouiet,  ilnMepct, 
and  Acrognalkmt)  are  oommonlj  assigned  to  the  Salmonids. 
None  have  hitherto  been  described  in  detail,  and  the  present  papei 
is  intended  to  give  a  full  aoooont  of  the  osteology  of  the  two  first- 
mentioned  genera,  so  far  as  the  best  specimens  will  allow.  Nothing 
new  has  been  discovered  in  reference  to  Acrognathu. 

Osmeroide$  LewesientU  is  proved  by  several  specimens  in  the  Britisli 
Huseam  to  possess  a  large,  though  very  thin  galar  plate  between  the 
rami  of  the  mandible.  The  branchiostegal  rays  are  numerous, 
and  the  opercular  apparatus  is  complete.  The  marginal  teeth  are 
extremely  minute  and  clustered  in  both  jaws.  The  maxilla  ii 
arohed,  exhibiting  a  convex  oral  margin,  and  overlapped  above  b} 
two  large  supramaxillaries,  shaped  as  in  the  herrings.  The  parietal 
bones  meet  in  the  median  line,  excluding  the  supraoccipital  from  the 
cranial  roof.  Thin  plates  completely  cover  the  cheek.  Intermnsonlai 
bones  appear  to  be  present  in  the  abdominal  region. 

The  type  skull  of  Osmeraidea  erassus  (Dixon)  is  now  describee 
for  the  first  time,  and  proved  to  be  generically  distinct  from  0 
LewesienMiB,  It  has  large,  well-spaced  conical  teeth,  and  so  mud 
resembles  the  skull  of  Elopapaia,  not  hitherto  recorded  from  th< 
English  Cretaceous,  that  the  fossil  may  be  provisionally  assigned  U 
this  genus. 

Auiolepis  typui  agrees  with  Oameroides  LeweBtentis  in  the  possessioi 
of  a  large  gular  plate,  the  meeting  of  the  parietal  bones,  the  ver] 
small  size  of  the  teeth,  and  the  form  of  the  supramaxillaries.  I 
is  remarkable  for  the  advanced  situation  of  the  pelvic  fins,  and  fo: 
the  prominent  ridge  produced  by  the  "  lateral  line  "  on  the  scales  0 
the  caudal  region. 

In  determining  the  systematic  position  of  these  fishes  from  ih< 
English  Chalk,  it  is,  of  course,  impossible  to   refer  to  the  mos 

>  Abstract  of  a  paper  read  before  the  Zoological  Society,  NoTember  20,  1894. 
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difltiDotiYe  external  feature  by  whiob  Salmonoidi  oan  be  separated 
from  Clupeoide.    The  nature  of  the  matrix  would  not  admit  of  the 
preseryation  of  an  adipose  dorsal  fin,  eren  if  it  were  originally 
well  developed.     Three  osteological  charaoters  of  Oimeroidee  and 
AuMepiSf  howoTer,  now  made  known  for  the  first  time,  oombine  to 
suggest  comparisons  only  in  one  direction,  namely,  with  the  modem 
genera  Elope,  Megalope,  and  their  extinct  allies.     These  charaoters 
sre  (i.)  the  union  of  the  parietal  bones  mesially  to  the  exclusion  of 
the  eupraoccipital  from  the  cranial  roof;  (ii.)  the  arched  maxilla 
overlapped  above  by  two  larger  supramaxillary  bones ;  and  (iii.)  the 
presence  of  a  large  gular  plate.     It  is  true  that  although  in  the 
typical   Salmonidse   the   snpraoccipital   separates  the  parietab  on 
^e  cranial  roof,  there  are  rare  instances  (e.g.  HiymaUuB)  in  which 
the  parietals  are  in  contact  throughout  their  length.     Further,  it  is 
known  that  the  double  snpramazilla  is  not  quite  constant  in  the 
Clupeoides,  Elopines,  and  their  allies.     It  may  also  be  argued  that 
as  Dr.  Oiinther  admits  to  the  Olupidss  living  fishes  with  a  gular 
plate  {Elope^  Megalapa),  there  is  no  reason  for  excluding  from  the 
Sslmonidse  any  primitive  fishes  which  differ  only  from  the  living 
members  of  this  family  in  the  possession  of  such  a  plate.     Never- 
theless, so  far  as  the  present  writer  is  aware,  supramaxillaries  of  the 
form  described  above  in  Osmeroidea  and  Aulolepia  have  not  hitherto 
been  observed  in  any  Salmonoid,  while  they  are  the  most  common 
feature  among  Clupeoids  and  Elopines.     The  two  Cretaceous  genera 
UDder  discussion  may  therefore  be  provisionally  associated  with  the 
latter.     The   fishes  named    Osmeroidea  from   the   Chalk  of  Mount 
Lebanon  may  also  be  placed  here,  for  they  likewise  exhibit  a  large 
gular  plate ;  and  Elopopaia  is  already  assigned  to  the  same  systematic 
position  by  common  consent     Elapa  and   Megalopa,  indeed,  have 
many  more  close  allies  in  Cretaceous  and  early  Tertiary  strata  than 
has  hitherto  been  suspected,  and  the  type  they  represent  seeius  to 
have  been  dominant  among  the  earliest  Physostomi. 

I&  E  V  I  E  ^W  S- 

L  — Thb  Gbkat  Ice  Age  and  its  E elation  to  the  Antiquity 
OF  Man.  By  Jambs  Geikib,  LL.D.,  D.C.L.,  F.R.S.,  etc.  Third 
Edition,  largely  re-written.  8vo.  pp.  xxviiL  and  860;  Maps 
and  Charts  xviii. ;  Woodcuts  78,  and  Frontispiece.  (London : 
Edward  Stanford,  1894.) 

11HE  long  interval  of  seventeen  years  which  has  elapsed  since  the 
second  edition  of  this  work  was  published,  must  not  be  taken 
as  an  index  that  the  subject  of  the  ''  Great  Ice  Age "  has  during 
this  period  lost  its  interest  with  geologists  or  with  the  public 
generally,  for  the  number  of  workers  in  this  branch  of  geological 
investigation,  and  the  amount  of  literature  on  it  which  is  constantly 
appearing,  seem  to  be  alike  on  the  increase,  though  not,  perhaps,  of 
late  years  so  markedly  in  this  country  as  in  Germany  and  in  the 
United  States.  Headers  of  this  Magazine  are  well  aware  of  the 
persistent  frequency  with  which  glacial  subjects  are  brought  forward 
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and  diflonsaed  in  its  pages,  and  how  diyergent  are  the  explanations 
given  of  the  commonest  phenomena.  There  still  exist  amongst  us 
those  who  are  able  to  oombat  skilfully  with  the  pen  in  fiiYonr  of 
suoh  primitive  views  as  the  formation  of  Boulder-day  by  cataolysmal 
deluges  of  water ;  who  deny  the  capacity  of  glaciers  to  erode ;  and 
who  advocate  a  portentously  rapid  elevation  of  mountain-ranges 
or  the  equally  sudden  subpiergenoe  of  large  tracts  of  oonntry  to 
account  for  the  destruction  of  one  or  two  species  of  Mammalia. 
Views  and  opinions  of  this  character  are  treated  with  scant  notice 
by  the  author,  and  not  deemed  worthy  of  serious  discussion,  for  he 
considers  that  they  would  long  ago  have  been  discarded  by  those 
pioneers  in  this  branch  of  science  who  originally  proposed  them* 
The  majority  of  present-day  geologists  will  be  likely  to  agree  with 
the  author  in  this  matter,  and  they  can  afford  to  look  with  quiet 
indifference  on  the  resurrection  of  these  old-world  views  of  a  past 
generation. 

A.  comparison  of  the  present  book  with  the  edition  of  1874  will 
give  a  very  fjEkir  idea  of  the  advances  made,  and  the  course  and 
tendency  of   opinion  on  Glacial    geology  since   this  date.     The 
author  assures  us  that  the  general  position  remains  the  same,  and 
that  the  additional  evidence  obtained  confirms  the  view  that  there 
was  an  alternation  of  cold  and  genial  conditions  during  the  Glacial 
period,  and  that  Man  then  lived  in  Europe.     Following  the  lines 
laid  down  in  the  earlier  edition,  the  character  and  succession  of  the 
glacial  deposits  in  Scotland  are  first  described  at  considerable  length, 
and  full  particulars  are  given  of  the  nature  and  origin  of  the  Till  or 
Boulder-clay,  and  of  the  striations  and  groovings  on  the  rocks  beneath 
it.     Then,  in  a  succession  of  chapters,  the  stratified  and  often  fossil- 
iferous  beds  subjacent  to  and  intercalated  with  the  Boulder-days 
are  considered,  together  with   those  beds  which  in   many  places 
overlie  the  Till.     The  question  of  rock-basins  is  next   taken  up, 
and  then   the   probable  formation  of  district  ice-sheets  and  local 
glaciers,  the  relative  position  of  the  Arctic  shell-beds,  and  the  late 
Glacial  and  post-Glacial  deposits  of  that  country.     Touching  on 
glacial  action  in  connection   with   the  formation  of  the  Boulder- 
day,  the  author  thinks  that  anyone  now-a-days  who  has  given  the 
matter  sufficient  consideration  must  come  to  the  conclusion  that  it  is 
of  glacial  origin.     Respecting  the  motion  of  glaciers,  the  theory  of 
J.  D.  Forbes  that  it  is  due  to  the  quasi-viscous  or  plastic  nature 
of  ice  which  moves  down  a  slope  by  its  own  weight,  is  accepted  as 
now  established  by  the  physical  researches  of  late  years,  and  on  tiluA 
point  the  experiments  of  M.  Treses  are  quoted,  which  show  that  the 
movements  of  ice  under  pressure  do  not  fundamentally  differ  firoiim 
those  of  any  other  solid  under  similar  conditions,  and  that  a  mass 
of  it  a  few  hundred  feet  in  thickness,  with  its  temperature  at  or  near 
the  melting  point,  would,  even  if  it  rested  on  a  horisontal  plane* 
flow  outwards  in  all  directions  until  the  shearing  force  oame  to 
counterbalance  the  pressure. 

Summarising  the  evidence  of  the  glacial  and  interglacial  depositi 
of  Scotland,  the  author  gives  a  very  striking  picture  of  the  geologioal 
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ohaoges  whioh  he  oonnden  them  to  indicate.    There  is,  fint,  the 

Lower  Till  or  Boalder-day,  the  ground-moraine  of  a  mer-de-glacep 

which  ooveied  all  Scotland  to  a  height  of  3500  feet    This  ice-sheet 

united  with  the  inland  ice  of  Scandinavia  on  the  bed  of  the  North 

Sea,  and  the  united  masses  swept  even  across  the  Orkney  and 

Shetland   Islands.      (2)  The  mer-de-glaee   melted  away,  and    an 

extensive  land-snrfaoe  was  laid  bare,  on  which  a  flora  and  fauna 

of  a  temperate  chanwter  flourished.    In  many  places  there  are 

fresh-water  and  marine  deposits  of  this  period  which  rest  on  the 

Lower  Boulder-clay,  and  are  covered  up  by  an  Upper  Boulder-clay. 

Then  depression  of  the  land  commenced ;   the  submeigence  may 

have  amounted  to  500  feet,  and  it  was  accompanied  by  an  Arctic 

dimate.     (3)  Another  meT'de-glaee,  probably  less  extensive  than  the 

first,  spread  over  the  country  and  produced  the  Upper  Till  or 

Boulder-clay.     (4)  During  the  melting  of  this  second  met'de^glaee 

the  Eames  and  ftsar  may  have  been  formed,  and  probably  some  of 

the  glacial  lakes  of  the  Southern  uplands.     (5)  The  melting  of  the 

Moond  wter-de-glaee  seems  to  have  been  followed  by  a  prolonged 

interval  of  milder  climate,  but  the  evidence  for  this  depends  rather 

upon  some  of  the  continental  deposits  than  upon  anything  preserved 

in  Sootland.     (6)  A  third  period  of  glaoiation  set  in,  but  this  time 

the  ice  only  formed  district  sheets  and  valley  glaciers.     There  was 

a  oontemporaneous  submergence  to  the  extent  of  100  feet,  shown  by 

the  Arctic  flora  in  the  Marine  Clays.    The  glacial  lakes  of  Locbaber 

are  attributed  to  this  period,  and  the  high-level  gi'avel  terraces  of 

the  larger  river- valleys.     (7)  The  land  was  again  elevated;   the 

climate  l>ecame  milder,  and  Scotland  was  covered  with  forests  and 

inhabited  by  a  temperate  Mammalian  fauna.      (8)  The  Estuarine 

Deposits  and  the  Raised  Beaches  of  about  50  feet  above  the  present 

Bea-level,  covered  as  they  are  in  places  by  the  terminal  moraines  of 

Talley  glaciers,  indicate  that  the  Forest  period  was  succeeded  by  a 

colder  and  wetter  climate,  which  was  favourable  to  the  growth  of 

peat    (9)  An  Upper  Buried  Forest  seems  to  show  that  the  country 

bad  been  again  raised,  and   that  there  was  a  drier  climate,  and 

another  period  of  forest  growth.     (10)  A  colder  climate  and  a  slight 

submergence  of  25  to  30  feet  is  shown  by  another  deposit  of  peat 

covering  the  upper  buried  forest,  and  by  raised  beaches.     (11)  The 

present  period,  in  which  the  land  is  slightly  higher  again,  and  the 

climate  probably  drier. 

As  compared  with  the  glacial  succession  in  Scotland,  given  in  the 
preceding  edition,  the  above  summary  indicates  with  considerable 
confidence  not  only  a  greater  number  of  climatic  changes  in  which 
^io  conditions  alternate  with  temperate,  but  also  a  very  regular 
Mries  of  depressions  and  elevations  of  the  land,  and  the  association 
of  the  Arctic  climate  in  each  case  with  the  period  of  submergence 
^  the  genial  climate  with  the  period  of  elevation. 

Pasaing  on  to  the  description  of  the  glacial  phenomena  of 
England,  the  author  treats  first  of  the  beds  exposed  on  the  Norfolk 
0^  at  and  near  Cromer,  from  whioh  had  been  obtained  the  only 
^ble  evidence  as  to  the  kind  of  plants  and  animals  that  flourished 
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in  EoglA&d  l<f  y7«  tLft  ^jA  of  mazinmin  gljiciatioiL.  From  tbe 
time  of  dti«  Red  Cn^  oavards.  the  namber  of  northern  forms  of 
life  or>ntiaa«s  to  ucre*ae.  whilst  the  toixthera  forms  die  <Nit,  lo  that 
in  the  Cbilletford  and  Weyl^Mzm  Crags  the  HoUoaean  &Dna  has 
m  tboroagblj  Arctic  facies.  On  the  other  hand,  the  flora  and  faam 
of  the  DCrzt  soooMdins;  Forest-bed  series  is  of  a  temperate  diaracter, 
Terr  similar  to  that  which  now  preTails ;  and  Mr.  Clement  Beid,  who 
has  so  carefallj  worked  out  the  Forest-bed  flora,  considers  that  it 
mar  have  been  oontemforsneons  in  onr  area  with  the  ArcCio  Cuma 
of  the  WejboDm  Crag.  Dr.  Geikie,  howerer,  does  not  think  thti 
probable,  mod  favoars  the  view  that  the  Forest-bed  was  formed  is 
a  comparatiTelj  genial  climate  which  sooceeded  the  Arctic  one  of 
the  Weyboom  Crag.  Be  this  as  it  may.  there  is  no  donhft  whslever 
of  the  Arctic  character  of  the  climate  which  followed  the  period  of 
the  Forest-bed,  as  shown  by  the  plants  disooTered  by  Nathorst  is 
the  overlyiag  fresh-water  bed,  which  indicate,  according  to  Mr. 
B^id,  a  lowering  of  the  temperatare  by  aboot  20°.  A  still  mors 
severe  period  of  cold  accompanied  the  formation  of  the  Cromer  Till, 
the  intermediate  sands,  graTels,  and  clays,  and  the  contorted  drift 
with  which  all  geologists  are  so  familiar.  With  respect  to  the 
''  contorted  drift,"  the  author  now  regards  it  as  ^  peculiar  form  of 
ground-moraine,  in  which  masses  of  Chalk  and  different  kinds  of 
Pliocene  and  Pleistocene  beds  are  jumbled  together  in  the  wfldest 
confusion,  and  yet,  curiously  enough,  this  kneaded-up  material 
usually  rests  with  a  horizontal  junction  on  quite  undistnrbed  beds. 
The  intercalated  beds  of  sand  and  gravel  in  the  Boulder-day  series 
are  attributed  to  the  action  of  water  flowing  beneath  the  ice-sheet, 
and  the  author  concludes  that  all  the  Pleistocene  accumulations  of 
the  Cromer  Cliffs  are  of  glacial  and  subglacial  origin,  and  belong  to 
one  and  the  same  period  of  glaciation. 

As  to  the  succession  of  the  glacial  deposits  in  Lincolnshire  and 
Eastern  Yorkshire,  Dr.  Geikie  agrees  with  Mr.  Lamplugh  that  the 
Sewerby  beach  and  the  Speeton  shell-bed  are  probably  contem- 
poraneous with  the  Leda  my  alts  bed  of  the  Norfolk  cliffs,  and  that 
they  were  formed  during  mild  conditions  of  ^climate  before  the 
advent  of  the  great  ner-de-glace,  which  crept  in  upon  the  land  from 
the  north-east,  out  of  the  bed  of  the  North  Sea,  and  produced  the 
basement  or  lowest  Boulder-clay.  The  Scandinavian  erratics  in  this 
clay  may  have  travelled  all  the  way  from  their  place  of  origin 
underneath  the  ice- sheet ;  the  suggestion,  which  recently  appeared 
in  this  Magazine,  that  they  had  been  transported  as  ballast  in  the 
Vikings'  ships,  is  of  too  late  a  date  to  be  noticed  by  the  author.  The 
formation  of  the  purple  clay,  with  its  associated  sands  and  gpiavels, 
has  been  referred  by  Mr.  Lamplugh  to  the  period  of  the  retreat  of 
the  margin  of  the  ice  from  Holderness.  In  this  clay  the  erratics  are 
more  couHpiouously  of  home  origin.  The  marine  gravels  of  Eelsea 
Hill  are  attributed  to  a  later  date,  when  the  land  had  been  submerged 
for  100  feet,  and  the  presence  of  the  Pleistocene  Mammalia  and  of 
the  fresh- water  shell,  Corbicvla  flumtnalis,  are  accepted  as  proving  an. 
oxtondod  period  of  genial  conditions  since  the  time  of  the  maximum. 
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gkciation.  The  Upper  or  Heasle  BouMer*olaj  iDdicates  the  re- 
appearance of  a  great  mer-de-glace  in  the  North  Sea ;  the  erratics  in 
this  claj  are  also  evidently  from  British  rocks,  and  they  show  that 
the  ioe-sheet  hogged  the  coast  and  was  prevented  from  flowing  right 
out  to  sea  by  the  presence  of  the  Scandinavian  ice. 

Passing  now  to  North-west  England,  Dr.  Geikie  still  firmly 
inaintains  that  the  Boulder-clays  of  this  district  are  the  ground - 
moraines  of  ioe  that  overflowed  from  the  basin  of  the  Irish  Sea,  and 
he  now  considers  that  the  "Middle  Sands/'  formerly  thought  to  be 
high-level  "  marine  drifts,"  are  simply  morainio  materials  carried 
npwards  to  their  present  position  by  an  ice-sheet — a  view  suggested 
many  years  since  by  Goodchild  and  Belt,  and  strongly  advocated 
by  the  late  Professor  Carvel  1  Lewis  and  others.  Under  the  same 
category  of  gravelly  moraines  are  also  placed  the  shelly  gravels 
described  by  Mr  Nicholson  from  near  Oswestry  at  levels  of  900  to 
1160  feet  above  the  sea.  The  sands  and  gravels  which  in  the  Mid- 
lands are  so  prominently  developed,  are  regarded  as  the  work  of 
torrential  waters  during  the  melting  of  the  ice-sheet.  The  evidence 
of  interglacial  beds  in  the  maritime  areas  appears  to  indicate  a  sub- 
mergence after  the  melting  of  the  mer-de-glace,  but  its  extent  is 
quite  uncertain — probably  it  did  not  go  beyond  300  or  400  feet. 

In  an  interesting  chapter  on  the  Drift  Deposits  of  Southern 
England  the  author  refers  to  the  "  rubble-drift "  or  "  head,"  the 
origin  of  which  has  lately  been  attributed  by  Professor  Prestwioh 
to  marine  action,  which  swept  the  materials  from  higher  to  lower 
levels,  whilst  the  land  was  being  raised  by  comparatively  rapid 
jerks  from  an  imagined  subsidence  of  1000  feet  under  the  sea.  As 
no  trace  of  a  marine  origin  is  shown  in  these  deposits,  and  there  is 
no  direct  eiridence  of  the  presence  of  the  sea,  this  hypothesis  is  by 
no  means  convincing.  A  more  probable  explanation  is  that  the 
angular  drift  of  the  '*  head  "  has  reached  its  present  position  by  the 
action  of  frost  and  melting  snows,  and  the  gradual  forward  move- 
ment of  saturated,  thawing  subsoils.  It  is  reasonable  to  suppose 
that  at  the  time  when  the  country  north  of  the  Thames  Was  entirely 
covered  by  an  ice-sheet,  the  climate  of  the  Southern  districts  was 
sufficiently  severe  to  have  frozen  the  surface  soil  to  some  depth,  and 
to  have  allowed  the  accumulation  of  snow,  and  perhaps  of  thin  fields 
of  ice,  and  by  the  melting  of  these  deposits  in  the  summers  whilst 
the  soil  was  frozen,  the  present  dry  valleys  in  the  Chalk  might  have 
been  eroded  and  beds  like  those  of  the  Coombe-rock  formed,  as 
suggested  by  Mr.  G.  Beid. 

VVant  of  space  prevents  us  from  commenting  on  the  author's 
description  of  the  glacial  phenomena  of  Northern  and  Middle 
Europe,  of  the  Alpine  Lands,  and  other  portions  of  the  Continent; 
but  the  summary  of  this  portion  of  the  subject  lays  open  so  clearly 
the  succession  of  events  which  the  evidence  is  considered  to  have 
established  that  we  venture  to  give  a  condensed  version  of  it. 

L  Pre-Glacial  Times.  In  the  older  Pliocene  the  sea,  which 
then  covered  considerable  portions  of  the  east  and  south  of  England 
and  parts  of  Belgium,  Holland,  and  France,  was  tenanted  by  a  fauna 
DBCADS  rr. — VOL.  u.—jro.  i.  % 
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indicating  a  genial  climate.     As  time  passed,  the  Soathem  forms 
disappeared,  and  were  replaced  by  Northern  types. 

JI.  First  Glacial  Epoch.  An  Arctic  fauna  lived  in  the  North 
Sea.  The  basin  of  the  Baltic  was  occupied  by  an  immense  glacier. 
Glaciers  also  descended  from  the  volcanic  mountains  of  Centra! 
France,  and  the  mountain  valleys  of  the  Alpine  Lands  were  filled 
with  ice  which  heaped  up  moraines  on  the  low  grounds.  To  this 
epoch  belong  the  Weybourn  Crag  and  the  Cbillesford  Clay. 

III.  First  inter-Glacial  Epoch.  The  Arctic  fauna  retreated  from 
the  North  Sea,  and  the  southern  part  of  it  was  now  dry  land,  across 
which  the  Rhine  and  other  rivers  flowed.  The  flora  was  comparable 
to  that  now  existing,  and  the  Hippopotamus,  Elephants,  and  other 
Mammals  lived  in  this  country.  The  period  of  the  Cromer  Forest- 
bed.  Subsequently  the  temperate  flora  in  England  was  replaced  by 
Arctic  forms. 

IV.  Second  Glaciar  Epoch.  An  enormous  mer^de-glace  covered 
all  the  northern  part  of  Europe,  and  reached  as  far  south  as  Saxony, 
Arctic-alpine  plants  occupied  the  low  grounds  of  Central  Europe, 
and  northern  animals  lived  round  the  shores  of  the  Mediterranean. 
To  this  epoch  belong  the  Lower  Boulder-clays  and  associated  flnvio* 
glacial  deposits  of  this  country. 

Y.  Second  inter-Glacial  Epoch.  A  temperate  and  southern  flora 
took  the  place  of  the  Arctic-alpine  on  the  low  grounds.  The 
plants  growing  at  this  time  in  North  Germany  and  Central  Russia, 
indicate  a  climate  milder  than  the  present  one  in  those  regions. 
Hippopotamus  and  Elephas  antiquus  are  included  in  the  Mammalian 
fauna.  Britain  was  connected  with  the  Continent,  and  there  was 
probably  a  land  bridge  between  Europe  and  Africa.  The  Hessle 
gravels,  Sussex  beach  deposits,  etc.,  were  probably  formed  in  this 
period.  Its  long  duration  is  shown  by  the  depth  to  which  the  river- 
valleys  were  eroded. 

VI.  Third  Glacial  Epoch.  Another  extensive  ice-sheet  covered 
the  greater  part  of  the  British  Isles  and  a  large  area  of  the 
Continent,  but  it  did  not  reach  so  far  as  the  previous  one.  The 
glaciers  of  the  Alps  reached  to  the  low  grounds,  and  formed  the 
moraines  of  the  "inner  zone."  To  this  period  are  assigned  the 
Upper  Boulder-clay  and  its  associated  fluvio-glacial  deposits. 

YII.  Third  inter-Glacial  Epoch.  Temperate  conditions,  the  evidence 
for  which  is  principally  derived  from  the  youngest  inter-Glacial  beds 
of  the  Baltic  coast-lands.  Much  of  the  old  alluvial  deposits  of 
Britain  and  Ireland  probably  belong  to  this  period,  though  hitherto 
classed  as  post-Giacial.  Some  of  the  beds  in  the  Baltic  area  contain 
the  remains  of  Mammoth,  Woolly  Rhinoceros,  Horse,  Irish  Deer, 
and  Urus. 

VIII.  Fourth  Glacial  Epoch.  In  the  early  stages  Scotland  was 
submerged  to  the  depth  of  at  least  100  feet,  and  an  Arctic  fauna  lived 
in  the  sea.  Glaciers  came  down  from  the  mountains  and  filled 
the  Highland  fiords.  The  snow-line  did  not  reach  higher  than 
1000  or  1600  feet  above  the  sea  in  Scotland.  Another  ice-sheet 
covered   the    Scandinavian    peninsula,   and    the   glaciers  from    it 
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ooai|Hed  the  fiords  of  Western  Norway.  The  Baltic  basia  was 
filled  by  an  ioe-atream  whioh  extended  over  North  G^nnany  and 
Denmark.  Sabseqaently  a  wide  area  in  Soandinavia  was  submerged 
in  a  oold  sea.  Large  glaoiers  reached  a  long  way  down  the  Alpine 
Wleys,  but  not  so  far  as  in  the  preceding  Glacial  epoch. 

IX.  Fourth  inter-Olaoial  Epoch.  At  its  climax,  the  conditions 
were  sufficiently  temperate  to  allow  of  the  growth  of  forests  in 
northern  regions  where  they  cannot  live  at  the  present  day.  Britain 
WIS  united  with  the  Continent  and  the  Baltic  was  changed  into  a 
great  lake. 

X.  Fifth  Glacial  Epoch.  The  coast-lands  of  Scotland  were  sub« 
meiged  to  about  50  feet  below  their  present  level ;  local  or  valley 
moraines  were  formed  in  the  British  Isles,  and  their  position  indicates 
that  the  heigbt  of  the  snow-line  was  then  about  2500  feet  Most  of 
the  corrie  rook- basins  of  the  British  Isles  may  be  assigned  to  this 
period.  In  the  Alps  the  epoch  is  marked  by  the  moraines  of  the 
•o-called  "  second  post-Glacial  stage." 

XL  fifth  inter-Glacial  Epoch.  An  elevation  of  the  land  took 
place  and  the  valley  glaciers  retreated.  The  upper  "  buried  forests  " 
in  the  peat-bogs  of  North-west  Europe  show  that  the  climate  was 
drier  and  very  favourable  to  forest  growth. 

XII.  Sixth  Qlaoial  Epoch.  The  later  raised  beaches  indicate  a 
slight  submergence,  not  exceeding  20  to  30  feet,  in  Scotland.  The 
climate  was  more  humid  and  more  suitable  for  the  growth  of  peat 
than  of  forests.  The  snow-line  in  Scotland  was  at  an  elevation  of 
8500  feet. 

XIII.  The  Present.  Distinguished  by  the  retreat  of  thQ  sea  to  its 
present  level,  milder  and  drier  climate,  and  the  final  disappearance 
of  permanent  snow-fields. 

As  in  the  case  of  Scotland,  the  above  summary  of  the  succession 
of  events  during  the  Ice  Age  in  Europe  generally,  brings  before  us 
80  many  alternations  involving  radical  changes  of  climate  and  re- 
peated advances  and  retreats  of  the  sea,   that   the  question  will 
naturally  arise  whether  the  fresh  evidence  gained  during  the  last 
seventeen    years    is    sufficient    to    support    the    idea    that    such 
a  marvellous  series  of  changes   can  have  taken  place   in   such   a 
limited  period  of  geological  history.     Looking  back  to  the  edition 
of  1877,  we  there  find  that  the  glacial  deposits  of  Europe  were 
ooiuidered   to   indicate  two  periods   of  intense  glacial   conditions, 
and  that  during  the  first  of  these  there  was  a  subordinate  interval 
of  milder  climate,  and   a  more  strongly  marked   milder  period — 
called  the  last  inter-Glacial — intervened  between  the  two  severe 
Glacial  periods.    Now,  however,  an  alternate  succession  of  no  fewer 
than  six  Glacial  and  five  inter^Qlacial  epochs  is  put  before  us  as 
the  latest  interpretation  of  the  evidence.     But  even  accepting  the 
important  additional  evidence   resulting  from   the   more  detailed 
study  of  the  glacial  deposits  of  Northern  and  Central  Europe,  it 
seems  to   us   insufficient  to  establish  that  multiple  succession  of 
boreal  and  temperate  epochs  which  is  pictured  to  us  as  recurring, 
see-saw  fashion^  during  the  later  portion  of  the  Ice  Age. 


36  BevietM — Dr.  James  €hikie*s  Chreat  Ice  Age. 

Treating  of  tbe  "  Valley  Drifts,"  Dr.  Geikie  comments  on  the 
investigations  of  M.  Ladri^re  in  tbe  river  valleys  of  Franoe  and 
the  North  of  Belgium,  and  considers  that  they  throw  great  light 
on  the  characters  of  the  valley  drifts  of  the  Thames.  He  questions 
the  soundness  of  dividing  these  latter  into  an  older  high-level  and 
a  younger  low-level  series,  and  thinks  that  it  is  only  the  bedded 
gravels  of  the  lower  levels  which  are  positively  of  flnviatile  origin ; 
the  high-level  loams  and  angular  gravels  which  extend  upwards 
to  the  plateaux  are  more  probably  local  formations  like  the  similar 
accumulations  in  Northern  France.  If  those  primitive  implements, 
discovered  by  Harrison  at  the  high-levels  on  the  Chalk  plateau  of 
Kent,  should  be  proved  eventually  to  belong  to  the  same  age  as 
the  Plateau-drifts,  the  human  period  would  date  back  to  a  much 
earlier  period  than  has  hitherto  been  dreamed  of. 

Reference  is  also  made  to  the  ice-cliffs  on  the  shores  of  Northern 
Alaska,  described  by  Dall,  which  form  part  of  a  broad  ridge  of  ice 
about  two  miles  in  width  and  250  feet  high.  Overlying  this  ice- 
rock  is  a  bed  of  clay  containing  the  bones  of  Mammoth,  Horse,  Elk, 
Etiindeer,  Musk-Ox,  Bison,  and  Big-Hom.  The  author  supports 
Dr.  Penck's  explanation  that  this  ice-sheet  must  date  back  to  Pleis- 
tocene times,  and  that  it  has  the  same  origin  as  the  frozen  bottoms 
or  grounds  so  commonly  met  Mrith  in  the  higher  latitudes  of  North 
America  and  Asia.  This  dead  ice-sheet,  which  is  now  wasting  away, 
must  belong  to  a  period  when  the  climate  of  those  regions  was  much 
colder  than  at  present  It  is  not  the  relic  of  any  glacier,  but  it 
probably  results  from  the  accumulation  of  drifted  snow  in  Glacial 
times. 

Touching  the  period  of  the  first  appearance  of  PalsBolithio  Man 
in  the  European  area,  Dr.  Geikie  does  not  consider  that  we  have 
unequivocal  evidence  of  his  presence  until  the  second  inter-Glacial 
epoch  {Elephas  antiquus  stage),  when  he  is  characteristically  repre- 
sented by  the  Chellean  or  St  Acheul  type  of  flint  implements  so 
common  in  the  old  river-gravels  of  the  Thames  and  the  Seine. 

Two  chapters,  containing  a  very  graphic  description  of  the  Glacial 
plienomena  of  North  America,  have  been  written  by  Prof.  T.  C. 
Chamberlin,  who  has  taken  a  leading  part  in  the  study  of  the 
deposits  of  the  Ice  Age  on  that  continent  Drift  deposits  are 
estimated  to  cover  nearly  one-half  the  area  of  North  America, 
which  means  that  the  glaciers  of  the  Ice  Age  spread  themselves 
over  about  4,000,000  square  miles  of  territory.  Tbe  main  body  of 
ice,  appropriately  called  the  Laurentide  Glacier,  probably  originated 
in  more  than  one  centre  in  Labrador,  and  in  the  region  north-west 
of  Hudson's  Bay,  and  the  nuclei  grew  until  their  borders  ooalesoed 
and  the  Hudson  basin  became  a  great  reservoir  of  ice,  from  which 
issued  the  streams  or  sheets  which  covered  the  eastern  five-sixths 
of  the  Dominion  of  Canada,  and  the  larger  part  of  sixteen  of  the 
Northern  States  of  the  Union  and  smaller  portions  of  even  others. 
The  most  southern  point  reached  by  the  mer-de^glace  was  in  the 
State  of  Illinois,  between  the  Ohio  and  the  Mississippi  rivers,  in 
laL  ST"  35'. 
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Prof.  Ohamberlia  represeata  the  Drifl;  deposits  of  the  great  plain 

region  of  North  Amerioa  as  a  series  of  sheets  overlapping  each  other 

in  iDtrioate  fashion,  and  in  this  oase  only  that  outer  zone  or  margin 

of  eaoh  sheet  whioh  was  not  reached  by  the  one  next  snooeeding, 

retabs  its  original  form  (exoept  as  modified  by  soperficial  agencies), 

whilst  the  inner  bnried  zone  was  liable  to  much  alteration  by  the 

OTer-riding  ice  of  the  later  advances.    It  ought  to  be  remembered 

that  the  outermost  zone  of  deposits,  which  are  called  the  earliest  for 

ooiivenienoe  sake,  are  really  those  of  maximum  glaciation— the  mid* 

winter  of  the  Olaoial  period.     The  extent  of  the  imbrication  of  the 

glacial  deposits  lai^ly  depends  on  the  osoUlations  of  the  ice-margin 

and  the  intensity  of  the  ice-action.    If  the  ioe-margio,  in  its  advance, 

poshed  forward  all  the  loose  dSOri$^  there  would  remain  a  series  of 

ooncentrio  moraines  instead  of  the  imbricated  sheet. 

The  oonstituents  of  the  Drift  deposits  in  North  America  closely 
nsemble  those  of  Europe.  The  Till  or  Boulder-clay  is  precisely 
similar  in  oharaoter.  Individual  sheets  of  it  have  an  average  thick- 
ness  ranging  from  20  to  60  feet;  its  maximum  thickness  in  a  few 
places  is  known  to  exoeed  500  feet  Terminal  moraines  are  truly  of 
gigantic  size :  some  have  been  traced  for  several  hundred  miles  in 
individual  distinctness.  The  chief  of  the  complex  belt  of  moraines 
has  been  followed  from  the  Atlantic  coast  over  the  Appalachians,  across 
the  broad  Mississippi  basiu,  and  then  far  out  upon  the  North- westeri 
plains  of  Canada,  and  it  may  possibly  have  reached  to  the  Arctic 

•eaa.  The  other  products  of  glacial  action,  such  as  Drumlins,  Asar, 
Kames,  Glacio-fluvial  Aprons,  Valley  Drift,  and  Loss  are  also  repre- 
sented on  an  enormous  scale. 

Professor  Chamberlin  has  tentatively  proposed  to  subdivide  the 
glacial  deposits  of  North  America.  The  lowest  sheet  is  named  the 
Eansan  formation  from  the  fact  of  its  reaching  as  far  as  what  are 
now  the  dry  hot  plains  of  Kansas,  1500  or  1600  miles  distant  from 
the  centre  of  the  radiation  of  the  ice-sheet.  This  lowest  deposit  is 
essentially  of  Till,  with  assorted  beds  of  sand,  clay,  and  gravel. 

The  Kansan  formation  is  followed  by  a  later  drift,  named  the  East- 
lowan,  but  between  these  two  there  is  a  well -developed  soil-horizon, 
consisting  of  peat,  logs,  twigs,  stems,  and  other  vegetable  debris, 
in  which  have  been  recognised  remains  of  pine,  oak,  elm,  sumach, 
walnut,  ash,  and  hickory  trees,  with  bones  of  Equus,  Lepus,  and 
Mephitis.  Overlying  the  East-Iowan  formation  is  a  second  horizon 
of  soil  and  plant  accumulations,  and  this  in  its  turn  is  overlapped 
by  a  very  marked  glacial  drift,  the  East- Wisconsin  formation,  the 
outer  margin  of  which  is  formed  by  a  distinct  terminal  moraine, 
usually  one  to  five  miles  wide,  and  from  50  to  300  feet  thick.  The 
retreat  and  melting  back  of  the  ice  resulted  in  the  formation  of 
immense  lakes. 

Very  various  opinions  are  held  by  American  geologists  as  to  the 
chronological  interpretation  of  these  various  formations ;  some  main- 
taiu  the  view  of  two  periods  of  glaciation  and  two  intervals  of 
deglaciation ;  but  there  is  a  growing  disposition  amongst  field 
Workers  to  recognise  three  distinct  Glacial,  and  as  many  intei-Glaoiai 
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epochs.  It  would  obviously  be  prematare  to  attempt  at  present  to 
correlate  the  glacial  socoession  in  North  America  with  that  in 
Europe,  but  the  fact  of  important  climatic  oscillations  during  the 
Ice  Age  is  as  clearly  shown  in  the  former  country  as  in  the  latter. 

In  tliis  edition  the  consideration  of  the  cause  of  the  Climatic  and 
Geographical  Changes  of  the  Glacial  period  forms  the  final  chapter 
of  the  book.  The  author  still  holds  that  the  astronomical  theory  of 
the  late  Dr.  Croll  appears  the  best  solution  of  the  Glacial  pnszle,  as 
it  accounts  for  all  the  leading  facts ;  for  the  occurrence  of  alternating 
cold  and  warm  epochs,  and  for  the  peculiar  character  of  Olaoial  and 
inter-Glacial  climates,  and  further,  it  postulates  no  other  diatribution 
of  land  and  sea  than  now  obtains.  This  theory  has  undoubtedly 
thrown  a  flood  of  light  upon  the  difficulties  of  the  subject,  and  it 
may  be  that  some  modification  of  his  views  will  eventually  dear  up 
the  mystery. 

This  third  edition  of  the  "  Great  Ice  Age  "  should  be  received  by 
those  interested  in  the  study  of  Glacial  Geology  with  as  warm  a 
welcome  as  that  which  was  accorded  to  the  first  edition  twenty 
years  ago.  Opinions  will  differ  respecting  some  of  the  generalisa* 
tions  of  the  author,  but  all  will  agree  on  the  value  and  importance  of 
having  the  evidence  on  this  subject  brought  down  to  date,  and  stated 
in  a  clear  and  impartial  manner.  6.  J.  H. 

XL — ^The  Lifk  of  Htohabd  Owsn.^  By  his  Grandson,  the  Bev. 
KiCHARD  Owen,  M.A.  With  the  Scientific  portions  revised  by 
C.  Davibs  Sherbobn.  Also  an  Essay  on  Owen's  Position  in 
Anatomical  Science  by  the  Eight  Hon.  T.  H.  Huxlet,  F.B.S* 
2  vols.  8vo.  Pp.  409  and  393,  with  Portraits  and  Illustrations. 
(London :  John  Murray.) 

THE  record  of  the  life  of  so  well  known  a  man  as  the  late  Prof. 
Owen  cannot  fail  to  be  of  great  interest,  not  only  to  those  to 
whom  his  researches  more  especially  appeal,  or  who  have  knowu 
him  as  a  friend,  but  also  to  the  more  general  reader.     For  Owen^ 
although  a  scientific  man  whose  province  was  principally  that  of 
Comparative  Anatomy,  and  perhaps  more  especially  that  of  Vertebrate 
Palaeontology,  was  at  the  same  time  a  man  of  very  broad  human, 
sympathies,  and  devoted  a  large  amount  of  his  earlier  life  to  the 
services  of  his   fellow-men  by   acting  on   various  hygienic  ooni- 
missions;  he  was  further  very  successful  both  as  a  popular  and 
a  special  lecturer ;  finally,  by  his  efforts  as  Hunterian  Professor  at  the 
Koyal  College  of  Surgeons,  and  afterwards  as  Superintendent  of  th.e 
Natural  History  Departments  of  the  British  Museum,  he  did  more 
than  any  of  his  predecessors  to  bring  the  study  of  Natural  History 
before  the  public,  to  force  its  recognition  on,  and  obtain  its  continual 
support  from,  the  Government     It  is  hardly  an  exaggeration  to 
say  that  Owen  was  the  most  popular  and  widely  known  of  all  the 
•dentifio  men  the  present  century  has  seen. 
These  records  consist  of  letters  and  extracts  from  the  diaries  of 

'  For  an  OMtuary  of  Owen,  accompanied  by  an  excellent  portrait,  see  G101.001CAL 
%UXKM,  1898,  Decade  lU.  Vol.  X.  p.  49. 
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PtoL  Owen  and  hia  wife,  more  etpeoially  from  that  of  the  latter, 
vlio,it  appears,  kept  a  most  ezhaustiye  aooonnt  of  all  Owen's  doings 
Slid  work*  It  ia  delightfiil  to  notice  what  deep  interest  she  took  in 
ill  his  researdhee,  and  how  oarefuUy  she  reoorded  their  progress;  and 
the  &ot  that  she  did  not  complain  even  when  the  house  was  occupied 
hj  a  defunct  Bhinoceros  or  portion  of  an  Elephant  suflSoientlj  hung 
to  neoeantate  keeping  all  the  windows  open,  shows  that  she  was 
tmost  sympaihetio  wife  for  a  scientific  man. 

YoL  L  oommenoes  with  Owen's  ancestry,  and  his  early  training  at 

nhool  and  at  home ;  his  letters  to  and  from  his  mother  and  sisters 

ibow  what  a  loTable  man  he  was.    It  is  amusing  to  read  of  his  having 

been  stigmatised  while  at  school  as  "lasy  and  impudent":  what 

would  that  master  think  of  his  forecast  if  he  could  read  these 

tolumes?    We  find  an  interesting  account  of  his  early  taste  for 

ethnology  in  his  adventure  with  the  negro's  head  (page  23)  during 

Ub  spprentioeship  to  a  surgeon  at  Lancaster.    But  it  was  not  until 

lie  went  to  Edinburgh,  where  he  founded  the  Hunterian  Society,  that 

Ilia  loientifio  inclinations  were  really  manifested.    From  Edinburgh, 

•oting  on  the  advice  of  Barclay,  he  came  to  London  to  study  at 

Bt  Bartholomew's  under  Abemethy,  and  it  was   owing  to   the 

twommendation   of  the  latter  that  he   was  appointed  Assistant 

Cuiator  of  the  Hunterian    Collection   at    the  Boyal   College   of 

Surgeons. 

It  is  from  this  date  (1826)  that  Owen's  career  as  a  scientific  man 
commenced,  and  the  greater  part  of  Vo].  I.  is  devoted  to  his  life  at 
the  College  of  Surgeons.     This  is,  perhaps,  the  most  interesting 

Sirt  of  the  work,  for  we  are  able  to  trace  how  be  gradually  weaned 
imself  from  medicine  and  devoted  himself  more  and  more  to 
comparative  anatomy,  due  in  the  first  place  to  the  nature  of  his 
work,  and  also,  probably,  in  a  large  manner  to  the  unoonsoious 
inflQence  of  the  great  scientists  with  whom  he  came  in  contact.  One 
of  the  earliest  of  these  was  Cuvier,  who  visited  the  College  and 
invited  Owen  in  return  to  Paris.  His  biographers  evidently  consider 
that  the  supposed  influence  of  Cuvier  on  Owen's  future  work  has 
heen  overestimated,  but,  as  Huxley  points  out,  Cuvier's  work  stands 
OQt  80  pre-eminently  when  compared  with  that  of  his  contemporaries 
that  it  must  have  had  considerable  influence  in  directing  the  method 
of  work  of  a  young  aspiring  anatomist  such  as  Owen  then  was,  and 
the  mere  fact  that  no  reference  of  such  influence  is  recorded  in 
Owen's  diary  goes  for  nothing. 

It  is  perfectly  marvellous  to  note  the  amount  of  energy  which 
Owen  must  have  possessed,  for  we  read  of  his  working  all  day  at 
hit  catalogues,  his  dissections,  his  lectures,  and  his  duties  on  various 
Commissions,  then  winding  up  the  day  with  theatres  or  concerts, 
^d  commencing  the  next  by  sitting  up  to  write  scientific  papers 
or,  Bad  to  relate  I  to  consume  novels. 

During  the  thirty  years  of  his  connection  with  the  College  of 
Surgeons,  the  most  important  of  Owen's  scientific  work  was  done ; 
*nd  we  are  here  able  to  read  of  the  rapid  growth  of  his  now  world- 
wide reputation  as  an  Anatomist  and  a  Palsdontologist.     Here,  too, 
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we  read  of  bis  social  interoouree  with  all  the  celebrated  men  of 
those  days.  To  the  general  reader  this  portion  will  especially  appeal, 
for  here  we  find  interesting  letters  and  anecdotes  of  Turner,  Carlylei 
Dickens,  and  many  more  distinguished  men  in  every  branch  of  life; 

In  the  second  volume  we  come  to  Owen's  connection  with  the 
British  Museum,  and  a  special  chapter  is  devoted  to  the  account  of 
his  efforts  and  ultimate  triumph  in  the  removal  of  the  Natural 
History  Collections  to  a  speciid  building.  Here  are  reproduced 
Owen's  original  plan  and  Waterhouse's  first  modification  of  the 
same ;  in  both  of  these  we  recognise  a  building  intended  to  serve 
primarily  as  a  Museum  but  also  provided  with  lecture  theatre  and 
teaching  collections.  How  the  present  architectural  structure,  devoid 
of  so  many  of  the  best  features  of  the  original  design  arose,  is  not 
explained. 

Appended  to  the  second  volume  is  an  interesting  account  tracing 
the  development  of  Anatomical  Science,  and  Owen*s  relation  to  the 
same,  by  Prof.  Huxley.  This  is  written  in  such  a  manner  that  it 
may  be  easily  followed  by  the  non-scientific  reader.  It  seems  a  pity, 
for  the  sake  of  the  latter,  that  this  was  not  rather  placed  as  an 
introduction  to  Vol.  I. 

The  perusal  of  this  work  by  the  public  would  do  much  to  dispel 
the  favourite  representations  of  scientific  professors  being  neoessanly 
dry  old  bores,  for  Owen  was  one  of  the  most  charming  of  men,  and| 
in  addition  to  his  great  qualifications  as  a  scientist,  was  pre-eminently 
calculated  to  shine  in  society.  The  recognition  of  his  social  qualities 
may  be  seen  all  through  his  life,  both  by  Royalties  and  Commoners; 
and  we  find  him  being  entertained  by  the  Prince  of  Wales,  and  on 
other  occasions  by  his  fellow  scientists,  at  social  meetings  where 
every  kind  of  "  ology  "  was  barred. 

The  two  volumes  contain  some  charming  portraits  of  Owen, 
especially  the  frontispiece  to  the  second  volume;  there  are  also 
illustrations  of  Owen's  most  important  discoveries.  As  an  Appendix 
we  find  a  most  imposing  list  of  his  distinctions,  and  a  complete 
Catalogue  of  his  works,  numbering  in  all  about  650.        M.  F.  W. 


III. — The  Permian  Fishes  of  Bohemia. 

Fauna  deb  Gaskohle  und  deb  Kalksteine  der  PERMroBMATiov 
BoHMEKS.  By  Prof.  Dr.  Anton  Fritsoh.  Band  IIL  Heft  3. 
Pp.  81-104,  Pis.  113-122.     Prague,  1894. 

DR.  ANTON  FRITSCH  has  just  issued  another  part  of  his  weU- 
known  work  on  the  Bohemian  Gas-coal  (Lower  Permian). 
For  some  time  he  has  been  treating  of  the  fishes,  and  now  he  is 
well  advanced  in  the  description  of  the  PalsBoniscidae.  The  present 
instalment  is  as  exhaustive  as  ever,  and  we  cannot  but  admire  the 
care  with  which  the  author  turns  to  good  use  even  the  most 
fragmentary  specimens. 

Before  treating  of  undoubted  Palssoniscidae,  Dr.  Fritsoh  places 
^a  section  "  Incertas  sedis  "  to  which  he  assigns  an  imperfectly  known 
^Ui  under  the  name  of  Acentrophorus  diaperaus,  sp.  nov.    If  the 
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generic  determinatioa  of  the  species  be  oorrect,  as  seems  likely, 
there  need  be  no  hesitation  in  referring  it  to  the  Semionotidas  to 
which  the  typical  English  species  undoubtedly  belong;  but  the 
hinder  half  of  the  Bohemian  fish  still  remains  to  be  discovered. 

The  description  of  the  Paleeoniscidse  is  prefaced  by  von  Zittel's 
definition  of  the  family,  and  a  translation  of  the  Synopsis  of  the 
known  genera  given  in  the  British  Museum  Catalogue  of  Fossil 
Fishes.  The  difficulty  of  recognising  some  of  the  characters 
mentioned  in  this  Synopsis  is  also  briefly  remarked  upon.  It  would 
Ka?e  been  more  satisfactory,  however,  if  Dr.  Fritsch  had  likewise 
been  able  to  discuss  the  still  more  difficult  question  of  the  genera 
of  Palnoniscidsd  described  by  Dr.  Sauvage  from  the  Permian  of 
France,  which  may  be  assumed  to  have  their  counterparts  in 
Bohemia.  Perhaps  this  subject  is  reserved  for  the  general  chapter 
on  the  PalsBoniscidsB,  which  is  wisely  postponed  until  the  detailed 
descriptions  of  the  Bohemian  Permian  genera  and  species  are 
completed. 

The  new  generic  name  Pyritocephalua  is  proposed  for  a  small 
species  previously  recorded  as  Falaoniscus  sculptus.  It  belongs  to 
the  group  to  which  Canobius  and  ^mblypterus  are  referred,  and  is 
remarkable  for  the  close  ornamentation  of  the  head  with  large 
raised  lines  of  ganoine.  The  fins  are  small,  the  dorsal  opposed  to 
the  anal ;  and  the  scales  are  smooth,  not  deepened  on  the  flank. 

Another  fish  deBcribed  as  a  new  genus,  and  one  of  the  greatest 
interest,  is  Sceletophorus,  with  the  single  species  5.  hiserialts.  This, 
too,  is  an  Amblypteroid,  but  with  very  thin  serrated  scales  and  no 
fulcra  even  on  the  median  fins.  A  few  rounded  scales  immediately 
above  the  pectoral  fin  are  described,  and  remains  of  the  axial 
skeleton  in  the  abdominal  region  are  interpreted  as  displaying 
elongated  ring- vertebrae.  If  this  view  be  correct,  PalaBoniscidaj  are 
shown  for  the  first  time  with  completed  vertebral  centra.  We 
believe,  however,  that  the  "  wirbelrcihre  **  are  merely  the  crushed 
bases  of  the  neural  arches  through  which  the  spinal  chord  passed 
(for  they  are  no  larger  than  the  canal  of  the  lateral  line  of  the 
same  fish) ;  and  in  the  specimen  figured  (pi.  116,  fig.  1)  the  small 
haemal  elements  may  well  be  regarded  as  displaced  upwards  over 
the  open  space  originally  occupied  by  the  notochord.  Another  fish, 
which  Dr.  Fritsch  thinks  may  possibly  prove  to  be  the  young  of 
a  species  of  Sceletophorus,  is  provisionally  assigned  to  Fhanerosteon 
under  the  name  of  P.  pauper.  This  has  scales  only  on  the  upper 
caudal  lobe,  and  also  displays  traces  of  the  endoskeleton,  which  are 
supposed  to  include  hollow  cylindrical  vertebral  centra.  Here, 
again,  the  cartilages  in  question  are  disproportionately  small,  but 
the  drawing  does  not  enable  us  to  make  any  suggestion  as  to  their 
true  nature ;  we  can  only  regard  them  as  much  too  problematical 
to  be  used  for  modifying  current  views  as  to  the  nature  of  the 
vertebral  axis  in  the  Palaeoniscid  fishes. 

Amhlypterus  itself  follows,  and  Dr.  Fritsch  decides  to  adopt  the 
comprehensive  definition  of  the  genus  first  suggested  by  Traquair. 
He  points  out,  however,  that  the  numerous  species  can  be  arranged 
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in  groups  which  are  *respeotively  confined  to  different  geological 
horizons.  Amblypterus  Kabliha  is  first  discussed,  and  this  seems  to 
be  confined  to  the  highest  stratum  of  limestone  in  the  Bohemian 
Permian.  A  new  species,  A.  verrucosus,  is  then  described  as  the 
earliest  known  Bohemian  Palsdoniscid.  This  is  closely  related  to 
A.  Duvemoyi,  which  next  receives  a  brief  notice.  Dr.  Fritaoh  doubts 
the  advisability  of  assigning  to  the  latter  form  as  many  so-called 
species  as  some  previous  authors,  and  points  out  the  comprehensive 
character  of  the  diagnosis  of  A.  Duvemoyi  in  the  British  Museum 
Catalogue.  He  concludes  the  present  ''Heft"  with  an  account  of 
the  form  commonly  known  as  A,  Vratislatnensis,  and  begins  a  similar 
description  of  A,  Rohanu 

A  glance  over  Dr.  Fritsch's  drawings  will  well  repay  the  ichthy- 
ologist and  anatomist;  and  the  careful  manner  in  which  the  different 
fossils  are  compared  renders  the  work  of  equally  deep  interest  to 
the  geologist  VVe  can  only  conclude  by  congratulating  the  Director 
of  the  Koyal  Bohemian  Museum  on  the  fact,  that  even  the  absorbing 
duty  of  arranging  his  new  cases  and  exhibition  galleries  does  not 
interfere  with  the  progress  of  his  great  contribution  to  Paladossoic 
Palaeontology.  A.  S.  W. 

Geological  Sooibtt  or  London. 

I— November  21st,  1894:.— Dr.  Henry  Woodward,  F.R.S.,  Presi- 
dent, in  the  Chair.    The  following  communications  were  read : — 

1.  **  The  Pleistocene  Beds  of  the  Maltese  Islands."  By  John  H. 
Cooke,  Esq.,  F.L.S.,  F.Q.S. 

For  the  right  understanding  of  the  Pleistocene  beds,  a  previous 
knowledge  of  the  physiography  of  the  islands  and  of  the  earlier 
sediments  is  necessary.  A  full  description  of  the  physiography 
and  of  the  character  of  the  sediments,  so  far  as  they  are  necessary 
for  the  understanding  of  the  accumulations  forming  the  subject  of 
the  paper,  occupies  its  earlier  portion.  Especially  noticeable  is  the 
absence  of  ordinary  anticlinal  and  synclinal  folding,  and  the  pre- 
dominance  of  monoclinal  faults,  which  largely  affect  the  character 
of  the  surface.  These  faults  were  formed  prior  to  the  deposition 
of  the  Pleistocene  beds. 

The  plateaux  of  Malta,  rising  to  a  height  of  600—800  feet  above 
sea-level,  occur  south  of  the  great  east-and-west  fault,  which  has  Sk 
downthrow  to  the  north.  They  have  no  Pleistocene  deposits  upon, 
their  summits. 

Three  classes  of  superficial  deposits  are  described : — 

(a)  Valley -deposits,  including  (1)  those  found  on  the  higher  slopes 
of  plains  and  plateaux,  due  to  subaerial  waste  and  rain-action,  con- 
taining land-shells  and  mammalian  bones ;  and  (2)  those  situated 
at  the  bottoms  of  valleys,  consisting  of  stratified  layers  of  water- 
worn  sand,  gravel,  and*  large  pebbles,  occurring  in  such  order  as  to 
show  that  the  agents  which  produced  them  have  greatly  decreased 
in  intensity. 


Oeobgieal  Soeietg  of  London.  43 


(&)  Agglomexmtes  and  breodaB  fonnd  along  ooast-linea  and  fault- 
tanaoea,  always  at  the  foot  of  the  faalt*terraoet,  or  along  the  lower 
depea  of  the  depressed  areas :  these  aooumulations  are  either  sub- 
msrged  or  lie  at  the  water-line.  Their  materials  are  mooh  water- 
trom,  and  land-shells  are  oontained  in  many  of  the  layers.  The 
agglomerates  are  in  many  oases  distinctly  stratified ;  and  the  author 
oondudes  that  the  materials  appear  to  have  been  swept  down,  during 
heavy  rainfall,  into  the  waters  of  land-looked  oreeks. 

(e)  Ossiferous  deposits  of  oaves  and  fissures,  which  have  been 
described  elsewhere. 

2.  "  Geological  Notes  of  a  Journey  in  Madagascar.'*  By  the  Bev. 
B.  Baron,  F.L.S.,  F.O.S. 

The  part  of  the  island  travelled  over  may  be  divided  into  four 
eecdons. 

(a)  Aniananarivo  to  ike  East  Coa$L — The  principal  rock  is  a 
liomblende  granitite-gneiss,  but  there  is  also  much  norite  usually 
eontaining  olivine.  The  general  strike  of  gneiss  and  norite  along 
this  region  is  north-west  and  south-east,  or  north-north-west  ana 
■mth-south-eaat.  The  country  is  traversed  by  several  large  dolerite* 
dykes. 

(6)  The  Norikem  Part  of  the  East  Coast — Dolerite-flows  pre- 
dominate along  the  coast,  and  from  their  oharaoter  are  believed  to 
haTe  flowed  from  such  fissures  as  are  indicated  by  the  dolerite-dykes 
noted  in  the  preceding  section.  Some  felsites,  probably  lavas,  and 
felsitic  breccias  were  also  observed ;  also  a  granitito  penetrated 
by  epidiorites,  and  associated  with  chiastolite-siates.  Many  other 
TockB,  schists,  and  eruptives  were  fouud. 

(e)  The  Northern  End. — Sedimentary  rocks  (sandstones  and  lime- 
stones) are  extensively  developed  in  this  section,  as  well  as  much 
volcanic  material.  The  sediments  are  of  Jurassic  and  Cretaceous 
ages.  The  volcano  Ambohitra  is  situated  on  these  sediments,  and 
bas  poured  out  olivine- basalts.  Shells  of  recent  species  occur  on  the 
noantain-chain  at  the  northern  end. 

(d)  The  North'Westem  Coast  and  Islands.  —  Marine  strata  of 
JoraBsic,  Cretaceous,  and  Eocene  ages  are  found  in  this  area, 
together  with  various  igneous  rooks  including  trachyte,  foyaite, 
nepheline-phonolite,  hauyne-nepheline-phonolite,  audesite,  and 
Wit.  South-west  of  Anorontsanga  are  four  islands — thi-ee  com- 
posed of  volcanic  rocks,  and  the  fourth,  Antanifaly,  of  nummulitio 
iimeetone. 

3.  **  On  a  Collection  of  Fossils  from  Madagascar  obtained  by  the 
Bev.  B.  Baron."     By  R.  Bullen  Newton,  Esq.,  F.G.S. 

The  fossils  forming  the  subject  of  this  paper  were  collected  in 
^be  northern  part  of  the  island.  The  author  gives  an  account  of 
the  previous  work  on  the  fossils  of  Madagascar ;  this  is  followed  by 
A  description  of  the  post-Tertiary,  Tertiary,  Cretaceous,  and  Jurassic 
^Bsils.  The  post-Tertiary  fossils  are  for  the  most  part  terrestrial 
^bellg  found  on  Ambohiinariua  hill,  mainly  of  species  still  existing 
^  the  island.  A  few  marine  forms  have  been  found  elsewhere. 
A  description  of  species,  many  of  them  new,  follows ;  and  the 
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aothoT  fornishes  a  list  of  all  recognized  foniU  from  tlie  island, 
eoncloding  with  notes  on  certain  limestoneffy  inclading  a  GiobigeriMi* 
limestone  and  one  containing  GinameUtL 

IL— December  oth.  1894.— Dr.  Heniy  Woodward,  F.B^  Presi. 
dent,  in  the  Chair.    The  following  oommonications  were  read : — 

1.  **  Sapplementary  Note  on  the  KarboTon<^  districi  (Lmcester- 
•hire)."  By  T.  G.  Bonney,  D.Sa.  LL.D..  F.R.S..  F.aS^  Professor 
of  Geology  and  Mineralogy  in  UniTersity  College,  London. 

The  aathor  revisited  this  district,  briefly  described  bv  himself  snd 
Mr.  Hill  in  1878.  at  Easter  1893.  and  in  September  1894.  The  old 
excavations  had  been  greatly  enlarged,  bot  little  of  importance  had 
been  disclosed :  no  dykes  and  no  new  jonctions  with  sedimentary 
rocks.  Bat  the  crystalline  rocks  have  been  jecently  struck  in  a  fresh 
locality  between  Narboroogh  and  Hunoote,  about  half  a  mile  west  of 
the  pit  near  the  former  village.  As  in  that  case,  the  rock  lay  very 
near  to  the  surface ;  here  the  highest  part  of  the  boss  was  barely 
covered.  The  rock  is  hardly  to  be  distinguished  from  that  of  the 
Narborough  pit  The  enlargement  of  the  pit  sooth  of  Enderby  has 
exposed  fresh  sections  of  the  junction  of  the  slate  and  syenite,  which 
has  been  now  traced  aloi^  the  whole  length  of  the  pit  from  north  to 
south,  and  some  particulars  are  added  to  the  former  description. 

The  enlargement  of  certain  of  the  pits  has  displayed  some  interest- 
ing  sections  of  Boulder-day  resting  upon  the  crystalline  rocks.  The 
latter  are  not  appreciably  ice-worn.  The  fragments  in  the  Boulder- 
clay,  identified  by  the  author,  were  from  the  Carboniferous,  Trias, 
Jurassic  (especially  Lias),  and  Upper  Cretaceous  formations.  They 
indicated,  in  the  main,  a  drift  from  a  more  or  lees  north-easterly 
direction. 

2.  "  The  Tarns  of  Lakeland.''  By  J.  B.  Marr,  Esq.,  M. A.,  F.RS., 
SecG.S. 

The  author  has  examined  several  tarns  of  the  English  Lake 
DiHtrict  In  those  cases  where  the  stream  issues  from  the  tarn  over 
solid  rook,  he  finds  either  (1)  direct  evidence  that  the  tarn  results 
from  the  blocking  up  of  part  of  a  pre-existing  valley  by  drifts 
causing  the  deflection  of  the  water  to  a  direction  different  from  that 
of  the  original  stream  in  this  locality;  or  (2)  evidence  which  is 
perfectly  consistent  with  such  an  explanation  of  the  origin  of  the 
tarn. 

Under  the  circumstances  he  would  submit  that  tarns  cannot  be 
assumed  to  lie  in  rock-basins  simply  because  the  issuing  stream  flows 
over  solid  rock  (and  this  assumption  has  been  made),  but  that  those 
who  maintain  the  existence  of  such  rook-basins  must  prove  the 
occurrence  of  solid  rock  entirely  around  the  tarn. 

3.  **  Description  of  a  New  Instrument  for  surveying  by  the  aid  of 
Photography,  with  some  Observations  upon  the  Applicability  of  the 
Instrument  to  Geological  Purposes."  By  J.  Bndges  Lee,  Esq., 
M.A.,  F.G.8. 

The  instrument  described  in  this  paper  consists  essentially  of 
photographic  camera  fitted  inside  with  a  magnetic  needle,  which 
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cuTiM  a  Tertioal  tmnsparant  Boale  divided  and  nambered  to  360°, 
tnd  also  with  cross  fibres  which  intersect  at  right  angles.  The 
fittings  and  adjnatments  of  the  instrument  are  of  such  a  character 
thai  the  oamera  oan  be  aconrately  levelled  and  directed  towards  any 
point  in  a  horizontal  direction,  and  when  a  photograph  is  taken  in 
in  ordinary  way  the  bearing  of  the  median  vertical  plane,  which 
bisects  the  inatmment  through  the  photographic  lens,  will  be  re- 
eorded  automatically  on  the  face  of  the  photograph. 

The  vertical  fibre  (and  its  image  on  the  photograph)  serves  as  an 
index  to  read  the  bearing ;  and  the  same  fibre  marks,  by  its  shadow, 
•  line  right  across  the  photograph,  which  marks  the  median  vertical 
plane  on  the  image. 

The  horizontal  fibre  is  adjusted  to  mark  on  the  image  the  hori- 
lontal  plane  which  bisects  the  photographic  lens. 

The  oamera  rests  on  a  divided  horizontal  circle,  which  can  be 
idjiisted  to  a  tmly  horizontal  position  by  levelling-sorews.  There 
is  a  tripod  stand  and  head,  wim  suitable  appliances  for  supporting 
and  adju8tin|;  the  instrument  in  position.  The  camera  is  provided 
with  a  reotiunear  doublet  lens  and  iris  diaphragm  and  rack-and- 
pinion  focussing  adjustment  It  is  made  of  aluminium,  and  it  is 
Bnrmounted  by  a  telescope  adjustable  in  altitude  and  fitted  with 
vertical  and  horizontal  webs;  and  it  is  also  surmounted  by  a 
revolvable  tubular  level. 

The  details  of  oonstruction  and  the  peculiar  features  and  adjust- 
ments of  the  instrument  are  fully  described  in  the  paper,  and  some 
of  the  chief  purposes  to  which  it  may  be  applied  in  furtherance  of 
geological  research  are  pointed  out 
4.  "  The  Marble  Beds  of  Natal."  By  David  Draper,  Esq.,  F.Q.S. 
A  *' crystalline  limestone  of  enormous  thickness"  was  mentioned 
by  Mr.  C.  L.  Griesbach,  in  1871  (Q.  J.  Q.  S.  vol.  xxvii.  p.  66),  as 
occurring  along  the  lower  course  of  the  Umzimkulu,  in  the  county 
of  Alfred  in  the  southern  part  of  Natal.  Since  the  time  of  his  visit 
there  the  country  has  been  opened  out  by  settlers,  and  some  attempts 
have  been  made  to  utilize  this  marble.  The  chief  mass  of  this  rock 
it  met  with  at  about  seven  miles  inland,  in  the  Indwendwa  bill- 
ruige,  within  the  fork  formed  by  the  junction  of  the  Umzimkulu 
&nd  the  Umzimkulana,  over  700  feet  above  sea-level,  and  continuous 
^th  the  tableland  westward.  This  consists  of  granite,  overlain 
^ith  the  massive  marble,  roughly  stratified,  which  is  denuded  north 
^d  south  of  the  hill,  into  the  gorges  of  the  two  rivers,  and  is 
oontiDued  on  the  opposite  flanks  until  out  off  by  faults.  The  north 
&Qlt  divides  it  from  the  Table-mountain  Sandstone  lying  on  clay* 
tlate;  and  the  south  fault  divides  the  granite  from  the  Table-mountain 
S&ndstone  and  clay-slate.  The  bedding  of  the  marble  dips  towards 
^^0  rivers  on  eeush  of  their  flanks,  and  strikes  E.  and  W. 

In  quality  the  marble  varies  from  coarse  to  fine-grained,  and  in 
^loar  from  pure  white  to  deep  red.  The  coarse-grained  variety 
^^Qtains  5  to  13  per  cent,  of  carbonate  of  magnesia.  Calcareous 
^iif&f  in  some  places  several  feet  thick,  has  been  formed  from  the 
n^arble. 
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From  the  janotion  of  the  two  riTers  eastward,  slate  is  seen  below 
Table-mountain  Sandstone ;  and  on  the  latter  is  a  long  stretch  of 
the  Dwyka  Conglomerate  to  the  coast,  greatly  disturbed  for  the 
most  part,  and  pierced  by  two  dolerite-dykes,  between  which  a 
patch  of  Eoca  Shales  is  preserred. 

The  author  concludes  that  the  marble  was  deposited  on  the  granite, 
and  probably  on  the  Malmesbury  Slates  near  by,  before  they  were 
disturbed ;  that  it  does  not  extend  far  under  the  neighbouring  hills ; 
and  that  some  of  its  local  detritus  indicates  that  the  riyers  ran  at 
higher  levels  within  relatively  recent  times. 


MR.  DEELEY  AND  MR.  HARKER:  "TWO  BIRDS  WITH  OXE  STONE." 

Sir, — In  my  view  there  is  no  more  profitable  way  of  advancing 
knowledge  than  by  good-humoured  controversy.  I  only  wish 
my  opponents'  banter  was  a  little  more  playfuL  Mr.  Deeley  is 
mistaken  in  supposing  that  I,  of  all  people,  can  object  to  his 
attacking  old  problems.  What  I  called  impertinent,  was  attacking 
very  old  problems  without  first  learning  what  other  men  had  had  to 
say  to  them,  coupled  with  the  assumption  that  the  long  life's-work 
of  such  patient  masters  of  their  craft  as  Studer,  and  Forbes,  and 
others  in  the  Alps,  was  going  to  be  all  set  right  by  Mr.  Deeley's 
summer  jaunt  to  Mont  Blana 

What  they  proved  and  what  recent  experiments  in  the  laboratoiy 
have  confirmed  is  the  plastic  nature  of  glacier  ice.  Mr.  James 
Geikie,  who  formerly  advocated  Croll's  transcendental  theory  of 
ice-motion,  has  completely  abandoned  it  in  his  new  volume  on  the 
Ice  Age,  in  favour  of  Forbes'  view.  Mr.  Deeley,  some  time  ago, 
had  a  private  transcendental  theory  of  his  own  on  the  subject,  which 
I  cannot  find  that  anybody  understood,  much  less  adopted.  I  do  not 
know  whether  he  still  holds  to  it,  or  is  now  satisfied  by  the  experi- 
ments of  McGonnel,  Eidd,  and  others,  that  Forbes  was  completely 
right  I  take  it  from  some  phrases  he  uses  that,  like  Mr.  Geikie^ 
he,  too,  has  surrendered.  If  he  has  not,  we  are  beating  the  air, 
for  I  am  bound  to  say  I  neither  understand  the  physical  nor  the 
mechanical  basis  of  his  ice  theory. 

If  he  now  holds,  as  all  the  world  holds,  that  ice  is  a  viscous  body,  then 
he  must  also  hold  that  it  acts  like  one,  and  that  when  it  has  a  sloping 
back  it  will  not  move  at  all  on  account  of  the  shearing  resistance  of 
the  ice,  unless  the  slope  of  its  back  is  equal  to  that  of  a  glacier-bed 
when  motion  first  ensues  in  a  glacier.  Forbes  showed  that  this  meant 
a  considerable  slope.  The  question  for  Mr.  Deeley  (entirely  apart 
from  all  geological  difficulties)  is  how  to  secure  and  maintain  such 
an  ice  slope  as  would  carry  boulders  to  Britain  from  the  Christiania 
Fjord,  and  then  move  on  till  it  terminated  in  a  scarped  cliff  of  ice 
at  the  100  fathom  line,  and  this  when  the  upper  part  of  the 
Dovrefelds  was  entirely  free  from  ice  as  it  now  is  from  markings. 
This  is  one  only  of  a  dozen  difficulties  surrounding  an  ice  hypothesis 
which  has  been  evolved  apparently  without  any  thought  of  the 
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eritioil  ptoblemB  wfaidi  have  to  be  met  at  eveiy  tarn.  To  those  whose 
geologioal  and  mechanical  reasoning  follows  the  same  groove  as  my 
own,  it  seems  impossible,  as  it  seemed  impossible  on  the  same  grounds 
to  Pettersen,  to  Bonney,  to  Matthieu  Williams,  and  to  Milne-Holme, 
whose  ezperienoe  of  glaoial  phenomena,  oombined  with  a  knowledge 
of  Western  Norway  and  Eastern  Britain,  entitle  them,  I  think, 
Botwitbatanding  Mr.  ELarker's  sneer,  to  the  veiy  first  rank  as 
authorities  on  the  geological  side  of  this  particular  issue. 

I  have  argned  the  case  out  in  detail  in  mv  book  on  the  ''  Glaoial 
Kigbtmare,"  at  which  I  sincerely  wish  Mr.  Deeley  woald  look 
before  advancing  arguments  which  have  all  been  answered  by 
Anticipation. 

Mr.  Deeley*s  reference  to  the  Antarctic  ice,  which  also  occupies 
a  considerable  space  in  my  book,  seems  to  me  entirely  beside  the 
qneation.  The  Antarctic  ice,  in  so  far  as  we  have  evidence,  is  planted 
on  a  high  plateau  of  land.  When  it  reaches  the  sea  it  does  not 
mardi  on  as  the  Norwegian  ice-sheet  is  supposed  to  have  marched 
on,  athwart  the  deep  Norwegian  channel,  and  then  across  the  North 
Sea  to  the  100  fathom  line,  and  there  expose  a  great  oliff,  but  it 
breaks  off  into  icebergs  in  $haUow  water,  and  these  icebergs  float 
away.  All  this  is  perfectly  rational.  How  it  in  any  way  supports 
tbe  North  Sea  monster  I  know  not  In  the  one  case  the  ice 
behaves  like  other  ice ;  in  the  other  case  it  would  behave,  it  seems 
to  me,  as  no  ice  ever  behaved  before  or  since,  except  in  a  geological 
nightmare. 

I  will  now  turn  to  Mr.  Harker.  Although  he  affects  to  despise 
the  virtue  of  modesty,  he  says  **  be  has  not  written  a  word  on  the 
Scandinavian  ice-sheet,  and  has  kept  his  views  on  that  subject 
modestly  to  himself."  Is  this  so  ?  In  the  Transactions  of  the 
Yorkshire  Geological  Society,  where  he  discussed  the  question  of 
these  boulders  at  length,  he  distinctly  refers  them  to  Scandinavia, 
and  actually  says,  "the  movements  of  the  ice,  and  the  consequent 
directions  of  transport,  render  this  conclusion  probable."  I  think, 
after  this,  he  ought  to  have  called  the  boulders  not  *'  damaging '' 
but  "  damaged." 

If  Mr.  Harker  no  longer  believes  that  ice  brought  the  boulders 
from  Scandinavia,  then  cadet  quastio.  To  disprove  that  hypothesis 
was  the  purpose  of  my  writing.  To  be  coy  in  making  a  confession 
on  such  a  point  after  what  he  has  written  is  to  borrow  a  weapon 
from  another  sex  than  ours.  We  are  not  striving  for  some  rhetorical 
advantage,  but  for  the  truth,  and  the  truth  is  not  served  by  carefully 
putting  under  a  bushel  the  light  that  we  may  possess,  and  taking 
refuge  in  struthious  logic.  The  question  between  us  is,  how  are  we 
to  account  for  tbe  Laurvig  boulders  ?  I  suggested  as  a  possibility 
that  they  may  have  been  partially  ballast,  and  partially  stones  used 
as  anchors,  net-weights,  etc. 

Nothing  that  Mr.  Harker  has  yet  said  seems,  to  me,  to  have 
reduced  the  probability  of  that  suggestion,  and  it  is  only  a  suggestion. 
He  asks  me  whether  the  Vikings  *' ballasted  their  ships  with  little 
pieces  of  rhombenporphyr,  and  used  small  pebbles  of  laurvikite  for 
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anohors.*'     Is  this  supposed  to  be  argument  ?    If  Mr.  Harker  thinks 
that  the  big  stones,  which  were  on  the  beach  a  thousand  years  ago, 
when  the  Vikings  were  about,  have  not  been  ground  into  small 
ones   by   this  time,   he   is   probably   singular    in    his   views,   but 
apart  from  this  most  ballast  is  simply  gravel.      He  next  alleges 
the  fact  that  the  sea  is  invading  the  land  on  this  ooast     How  the 
fact  that  the  coast  is  a  retiring  coast  affects  the  relative  position  of 
the  beach  as  between  high-water  and  low- water  I  know  not     Does 
Mr.  Harker  think  that  when  the  sea  invades  the  land,  to  the  extent 
of  a  hundred  yards,  say,  it  leaves  its  old  beach  behind.     Again,  he 
says,  "  there  is  no  port  in  Holdemess  "  :  what  has  that  to  do  with 
it  ?    It  was  probably  because  there  was  no  port  there  that  the  whole 
fleet  of  pirate  ships  which  attacked  Northumbria  in  793  was  lost 
on  this  very  coast,  and  that  many  others  were  similarly  lost  at  other 
times.     Again,  he  bids  me  remember  that  a  couple  of  the  boulden 
in  question  were  found  at  Cambridge.     This  I  learnt  after  I  wrote 
my  first  paper,  and  I  am  bound  to  say  that  it  immediately  struck 
me  as  a  fact  not  for  me  to  digest,  but  for  the  champions  of  the 
North  Sea  ice-sheet  to  take  to  heart     Does  Mr.  Harker  postulate 
a  Norwegian    ice-sheet    in    Cambridgeshire?    else    how  does   he 
account  for  these  stones?     That  Cambridge  and  all  the  Fenland 
was   not  ravaged   in   every   direction   by   the   Vikings   when   the 
country  round  the  Wash  was  virtually  a  lake  I  do  knowt  and  I  need 
not  draw  the  necessary  inference.     The  sporadic  character  of  the 
finds  is  surely  a  lesson  in  itself  to  be  coupled  with  the  admission 
made  by  Mr.  Harker,  that  the  stones  about  which  we  are  discussing 
have  not  been  found  inland  in  Yorkshire,  and  only  on  the  shore. 
If  an  ice-sheet  or  icebergs  brought  them,  and  others  like  them,  to 
Cromer  and  Cambridge,  how  is  this  to  be  explained?     Again,  I 
would  seriously  ask  if  any  human  being  who  has  seen  ice  at  work, 
either  in  glaciers  or  icebergs,  ever  saw  anything  less  like  ice-moved 
fitones  than  these  rounded  water- worn  boulders  ?     Ice  carries  a  con- 
siderable part  of  its  great  stones  intact  and  unweathered  on  its 
back  from  end  to  end  without  rolling  or  rubbing  them,  and  theim 
deposits  them  with   the  boulders   made    by   its  own   streams  in. 
moraines  or  in  detached  blocks  at  its  terminus  and  sides,  and  does 
not  select  one  or  two  special  points  easily  accessible  to  boats  and 
ships,  and  there  only  leave  a  few  choice  specimens  of  water-wort^ 
stones  mixed  with  a  vastly  greater  proportion  of  stones  which  hav^ 
confessedly  come  from  the  opposite  direction  I 

I  must  repeat,  in  conclusion,  that  the  question  is  too  important  tx> 
be  settled  by  a  few  flippant  sentences.     My  position  is  that  on  eveiry^ 
ground,  a  priori  and  empirical,  the  evidence  goes  to  show  that   it 
is  impossible  to  attribute  the  transport  of  these  stones  to  an  ice-sheet 
or  icebergs  from  Scandinavia,  as  Mr.  Harker  argued  in  his  well- 
known  Yorkshire  Memoir,  and  as  I  presume  from  his  ambignoiifl 
phrases  he  argues  still.     If  he  can  suggest  a  more  reasonable  and 
simple  explanation  of  the  presence  of  these  stones  where  they  have 
l)een   found  than  mine,  I  will  gladly  accept  it     Hitherto  he  has 
failed  to  do  so :  hence  these  tears !  H.  H.  Howobtb. 
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I.— New  Tbilobites  from  the  Bala  Beds  or  Co.  Watebfobb. 

By  F.  R.  CowPBR  Rebd,  B.A.,  F.6.S. 

(PLATE  III.) 

AMONOST  the  numerous  species  of  Trilobites  whiob  occur  in  the 
impure  limestones  of  Bala  age  in  Co.  Waterford,  two  new  and 
nndeacribed  forms  were  recently  found  by  me  in  the  course  of  a 
preliminary  examination  of  that  area.  At  present  the  exact  horizon 
of  the  beds  has  not  been  determined,  but  they  may  undoubtedly 
be  referred  to  the  Bala  series.  One  of  the  new  species  belongs  to 
the  genus  Cyhele,  and  is  a  most  bizarre  form,  with  a  long,  snout-like 
projection  of  the  anterior  margin.  The  other  is  a  new  species  of 
Trinudetu,  bearing  some  resemblance  to  Angelinas  T.  bucculentu8f 
which  occurs  in  beds  of  "  regio  Ba  "  in  Norway. 

The  following  descriptions  give  in  detail  the  characters  of  the 
new  species. 

Cyhele  tramorensis,  n.  sp.     (PI.  III.  Fig.  1.) 

The  only  specimen  of  this  new  species  was  discovered  in  the 
townland  of  Quillia,  and  consists  of  a  head-shield  which  is  un- 
fortanately  not  quite  perfect ;  but  it  shows  sufficient  new  characters 
to  warrant  us  in  considering  it  specifically  distinct  from  any  hitherto 
described. 

It  is  semicircular  in  outline,  with  an  anterior  projecting  process, 
&nd  it  is  about  twice  as  wide  as  long.  The  glabella  is  oblong,  and 
the  Bides  converge  a  little  towards  the  anterior  end,  which  is  in 
the  shape  of  a  slightly  convex-forwards  arc.  The  glabella  is 
i^Qtly  elevated  above  the  cheeks,  but  is  rather  flattened  in  front. 
The  side-furrows  are  four  in  number,  including  the  neck-furrow. 
The  first  or  anterior  one  is  merely  an  elongated  deep  pit,  which 
does  not  join  the  axal  furrow ;  it  is  directed  forwards  at  an  angle 
of  45°  to  the  axis  of  the  glabella.  The  frontal  lobe  is  thus  only 
Marked  off  by  this  pair  of  isolated  pits.  The  second  or  middle  side- 
farrow  is  also  an  obliquely-set  indentation  inclined  to  the  axis  of 
the  glahella  at  an  angle  of  about  70°  and  directed  forwards  and 
Outwards;  at  its  inner  end  it  is  deep,  but  suddenly  decreases  in 
^epth  when  traced  outwards,  and  leads  into  the  axal  furrow  by  only 

*  Very  shallow  groove.     The  first  lobe  which  it  limits  posteriorly  is 

*  short  rounded  ridge,  not  marked  off  very  distinctly  by  the  axal 
^Urrow  at  its  outer  extremity. 
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The  third  furrow  is  parallel  to  and  as  deep  as  the  second  at  its 
inner  end,  but  does  not  decrease  in  depth  to  the  same  extent  in  its 
outer  portion.  The  second  lobe  has  a  rounded  termination,  but, 
except  for  this  character  and  a  greater  length,  is  much  like  the  first. 
The  neck  furrow  is  parallel  to  the  third  furrow,  and  rather  deep 
along  its  whole  length ;  it  bounds  posteriorly  the  third  lobe,  which 
is  more  prominent  and  better  defined  than  the  second  lobe.  The 
lateral  extension  of  the  neck  furrow  and  the  neck  lobe  are  not  well 
preserved,  but  the  latter  appears  to  have  been  slightly  wider  than 
the  third  lobe.  The  axal  furrows  are  shallow.  In  front  of  the 
first  lobe  they  are  practically  non-existent,  for  the  ocular  ridge  and 
*'  terminal  pit "  lie  across  their  forward  course. 

The  surface  of  the  glabella  is  sparsely  strewn  with  a  few  laige 
tubercles  which  do  not  show  any  symmetrical  arrangement. 
Smaller  tubercles  are  visible  between  the  large  ones,  and  minute 
pits  also  occur,  but  not  very  numerously.  Each  of  the  two  hind- 
most lobes  bears  two  tubercles  of  large  size ;  and  the  anterior  end 
of  the  glabella  shows  an  aggregation  of  large  and  small  tubercles 
without  any  linear  or  other  regular  order.  The  anterior  end  of  the 
glabella  is  steep  and  abruptly  truncated ;  it  is  separated  from  the 

Peculiar  anterior  margin  by  a  very  faint  depression.  The  middle 
brtion  of  the  anterior  margin  projects  to  a  distance  of  just  half 
the  length  of  the  glabella  as  a  central  flat  spatulate  process,  in  the 
specimen  before  us  bent  upwards  at  an  angle  of  45^.  It  is  traversed 
by  five  low,  but  distinct,  flattened  ridges,  separated  by  narrow  and 
faint  grooves  which  deepen  in  their  forward  portion.  These  ridges 
and  grooves  radiate  from  the  front  of  the  glabella  in  a  fan-shaped 
manner;  and  on  the  anterior  border  of  the  spatulate  process  the 
ridges  end  as  five  short  blunt  projections.  The  border  of  this 
process  has,  therefore,  a  notched  appearance.  Two  or  three  much 
fainter  ridges  and  grooves  occur  on  each  side  of  the  five  central 
ones,  producing  a  slight  serration  of  the  margin. 

A  clue  to  the  origin  and  formation  of  this  peculiar  process  seems 
to  be  given  by  the  presence  in  a  few  species  of  Cyhele  of  several 
radiating  spines  of  greater  or  less  length  on  the  anterior  margin ; 
and  if,  for  instance,  in  C,  coronata  (Schmidt)  these  spines  were 
fused  laterally  together  so  as  to  leave  only  their  tips  free  we 
should  get  a  snout-like  projecting  process  very  similar  to  that  in 
the  Irish  form.  That  such  is  the  origin  and  composition  of  the 
spatulate  process  is  rendered  additionally  probable  by  the  presence 
of  the  radiating  ridges,  for  they  would  represent  the  last  traces 
of  the  formerly  separate  spines.  In  C.  coronata^  however,  the  spines 
diverge  more  strongly  than  do  the  ridges  on  the  spatulate  process 
of  this  new  species. 

Just  outside  the  point  on  the  anterior  margin  from  which  this 
process  starts  forwards,  and  slightly  in  front  of  the  anterior  outer 
angles  of  the  frontal  lobe  of  the  glabella,  there  rises  a  low  but  well* 
marked  rounded  ridge  which  runs  forwards  and  a  little  outwards, 
to  become  a  prominent  rounded  tubercle  projecting  beyond  the 
margjD,  which  has  here  a  width  equal  to  about  half  the  length 
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of  ihe  spatulate  prooeea.  This  marginal  taberole  oorresponds  with- 
the  "  side-taberole  "  of  Schmidt,  which  is  present  in  most  species ' 
of  Cfbele,  but  is  wanting  strangely  in  0.  eoronata,  to  which  the' 
Irish  form  is  most  dosely  allied. 

Close  beneath  the  posterior  outer  slope  of  the  ridge  leading  up  to 
ihs  "side-tuberde"  is  a  deep  circular  pit,  called  by  Schmidt  the 
'*  terminal  pit."  It  lies  at  the  anterior  end  of  the  axal  furrow, 
i&d  is  a  most  conspicuous  object  on  tlie  head-shield.  According  to 
Schmidt  it  corresponds  with  a  similarly-situated  pit  in  some  species 
of  OfttfiruriM,  and  is  concerned  in  the  attachment  of  the  hypostome.' 
The  pit  is,  in  the  form  under  description,  bordered  posteriorly  by. 
a  strong  horizontal  ridge — the  ocular  ridge — which  runs  outwards 
to  the  eye,  at  right  angles  to  the  axis  of  the  glabella,  and  opposite 
to  the  first  side-furrow.  It  is  probably  parallel  to  the  posterior 
margin  of  the  head-shield,  but  of  this  one  cannot  be  quite  certain 
owing  to  the  imperfect  preserration  of  that  part  This  ocular  ridge 
has  a  row  of  minute  pits  close  along  the  base  of  each  side,  and  it 
also  bears  two  large  tubercles. 

The  anterior  edge  of  the  cheek  runs  outwards  and  backwards  in 

a  nearly  straight  line  to  meet  the  outer  extremity  of  tlie  ocular 

ridge  at  the  small  eye  which  is  situated  at  a  distance  from  the  side 

of  the  glabella  nearly  equal  to  the  width  of  the  frontal  lobe.     The 

triangular   space   thus  enclosed   between   the  "terminal   pit,"  the 

ocular  ridge,  and  the  front  border  of  the  cheek  is  inclined  slightly 

downwards  and  forwards.     It  bears  a  central  tubercle,  and  is  also 

granulated  and  minutely  pitted.     Behind  the  ocular  ridge  lies  the 

main  portion  of  the  cheek ;  its  inner  corners  are  almost  rectangular^ 

but  its  outer  side  has  an  outward  as  well  as  a  backward   trend 

from  the  eye,  so  that  the  width  of  the  cheek  measured  along  its 

posterior  margin  is  more  than  half  as  much  again  as  that  of  the 

glabella.     At  the  bluntly  pointed  outer  posterior  angle  the  cheek  is 

rather  sharply  bent  down,  and  this  downward  bend  seems  to  extend 

forwards  some  way  along  the  outer  side;  otherwise  the  cheek  is 

almost  flat   and  horizontally  extended.     On   its  surfnoe  it  carries 

two  or  three  large  tubercles  and  many  smaller  ones,  in  addition  to 

nutnerous  minute  pits. 

In  the  absence  of  any  portions  of  the  thorax  or  pygidium,  a  fuller 
description  of  the  species  at  present  is  impossible. 

On  reviewing  the  previously  described  species  of  Cyhehj  one 
Meg  that  this  Irish  form  more  closely  approximates  to  C,  coronata 
(Schmidt)  than  to  any  other.  With  this  species,  which  occurs  in 
C.  (Brandschiefer)  of  Estland,  it  agrees  in  the  axal  furrows  being 
▼ery  shallow,  in  the  position  and  characters  of  the  side  furrows,  in 
the  strong  horizontal  eye-ridge  with  side  punctures  at  the  level  of 
the  first  side-furrow,  in  the  position  of  the  eyes,  in  the  general  shape 
of  the  cheeks,  and  in  the  relative  dimensions  of  the  various  parts. 
If  my  interpretation  of  the  origin  of  the  spatulate  process  is  correct, 
the  long  "  crown  "  of  spines  in  C.  coronata  may  also  be  regarded  as 
*  point  of  similarity.  The  Irish  form,  however,  diflfers  from  this 
'P^es  in  the  glabella  not  being  strongly  arched  forward  in  front, 
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in  the  smaller  size  of  the  frontal  lobe,  in  the  presence  of  the  "  side- 
tubercles,"  in  the  greater  width  of  the  anterior  border,  in  the 
triangular  portion  of  the  cheek  that  lies  in  front  of  the  ocular 
riilge  not  being  yertical,  in  the  greater  depth  of  the  terminal  pits, 
in  the  smaller  width  of  the  cheeks,  in  the  irregular  dispositicn  of 
the  tubercles  on  the  glabella  and  cheeks,  in  the  presence  of  two 
tubercles  on  the  eye-ridge,  and  especially  in  the  spatulate  anterior 
process.  These  differences  appear  to  me  to  be  quite  sufficient  to 
justify  a  new  species  being  formed  for  the  receptiou  of  the  Irish 
Cybele;  and  from  the  locality  near  which  it  was  found  It  may  appro* 
pnately  be  designated  Cybele  tramorensis, 

DlXBNSIOXS. 

Length  of  glabella  from  neck  farrow  to  anterior  extremity *350  inch 

Breadth  of  glabella  at  level  of  the  second  lobes *276  inch 

Greatest  width  of  cheek  (measured  along  posterior  border) *476  inch 

Distance  between  ** terminal  pits** -SdO  inch 

Length  of  anterior  *' spatulate  process**  (measured  from  anterior  extremity 

of  glabella) '176  inch 

Distance  of  eye  from  side  of  glabella  (measured  along  ocular  ridge)  *260  inch 

Trinueleus  hibernieuSf  n.  sp.     (PL  III.  Figs.  2-7.) 

This  new  species  of  Trinueleus  is  extremely  abundant  in  that 
portion  of  the  Bala  series  which  is  exposed  at  Newtown  Gove, 
near  Tramore.  The  average  length  of  this  form  is  a  little  more 
than  half  an  inch;  a  rolled-up  specimen  measured  *6  inch,  but 
some  of  the  head-shields  found  were  larger  than  that  of  this 
individual,  while  a  few  were  smaller;  but  these  differenoes  may 
only  be  due  to  age.  The  head-shields,  which  are  by  far  the 
commonest  part  of  the  trilobite  preserved,  very  rarely  have  any  of 
the  body-rings  attached.  The  head-shield  is  rather  longer  than  the 
thorax  and  pygidium  together,  according  to  the  above-mentioned 
rolled-up  specimen,  but  in  those  individuals  in  which  the  head* 
shield  has  a  semicircular  outline  it  is  rather  shorter. 

There  appear  to  be  two  forms  of  this  species  which  ars 
characterized  by  the  shape  and  certain  features  of  the  head-shield. 
In  one  form  this  part  has  a  slightly  pointed  front  and  approaches 
a  parabolic  shape.  In  the  other  form  it  is  broader  and  semicircular. 
Certain  other  differences  in  the  length  of  the  glabella,  the  sulci  in 
the  fringe,  and  lateral  spines  will  be  severally  pointed  out  in  the 
description  of  these  parts.  Probably  these  two  forms  represent  the 
sexes,  the  pointed  one  being  the  male  (?). 

The  head-shield  in  the  male  is  less  than  twice  as  wide  as  long,  bnt 
in  the  female  the  width  is  to  the  length  as  9 : 4.  The  glabella 
consists  of  a  prominent  globular  frontal  lobe  set  on  a  narrow  basal 
stalk.  This  large  globular  frontal  lobe  invades  more  than  half 
the  width  of  the  fringe,  and  in  the  male  slightly  overhangs  also 
the  other  half.  It  bears  a  central  tubercle.  Behind  this  lobe  the 
glabella  is  sharply  contracted  to  form  a  narrow  parallel- sided  stalk, 
about  half  the  width  and  less  than  half  the  height  of  the  frontal  lobe, 
but  equal  to  it  in  length.  This  stalk-like  portion  has  two  pairs  of 
small  transversely  elongated  lobes,    llie  anterior  pair  is  situated 
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close  under  the  great  frontal  lobe,  which  has  its  posterior  border 
notched  by  the  first  pair  of  furrows.  The  posterior  pair  of  lobes, 
which  are  slightly  smaller  and  less  distinct  than  the  anterior,  are 
situated  about  half-way  between  the  neck  lobe  and  the  anterior  pair. 
The  neck  lobe  is  very  narrow,  and  is  only  marked  off  from  the 
rest  of  the  glabella  by  a  shallow,  transverse  groove.  Behind  the 
oheeks  the  neck  segment  is  distinguishable  as  a  gradual  elevation 
of  the  posterior  margin  of  the  neck  furrow,  which  has  a  steep 
anterior  slope.  But  as  the  neck  segment  is  followed  towards  the 
outer  angle  of  the  cheeks  it  assumes  greater  prominence,  broadens 
and  becomes  a  rounded  distinct  ridge  usurping  two-thirds  of  the 
width  of  the  neck  furrow. 

The  triangular  cheeks  are  much  inflated  and  rise  abruptly  from 
this  furrow  to  rather  more  than  half  the  height  of  the  frontal  lobe, 
from  which  they  are  separated  by  a  deep  axal  furrow.  The  axal 
furrow  is  in  this  part  narrower  than  it  is  posteriorly,  where  it 
widens  out  and  becomes  less  deep,  so  as  almost  to  attain  the  width 
of  the  glabella  stalk,  lliis  widening  of  the  furrow  is  due  to  the 
sudden  contraction  of  the  glabella  behind  the  frontal  lobe,  and  to 
the  inner  side  of  the  cheek  making  nearly  a  right  angle  with  the 
posterior  edge  of  the  head-shield  instead  of  following  the  outline 
of  the  glabella.  The  cheeks  do  not  overhang  the  fringe,  but  rise 
from  its  inner  border  with  a  pronounced  convexity ;  the  inner  and 
posterior  borders  of  the  cheeks  form  steep  and  abrupt  slopes. 

A  tuliercle  similar  to  that  on  the  frontal  lobe  is  situated  on  the 
most  elevated  point  of  each  cheek.  A  fine  reticulated  kind  of 
Bcnlpture,  with  elongated  meshes,  ornaments  the  cheeks  and  glabella. 
There  is  no  facial  suture  or  '*  eye-line  "  visible. 

The  fringe  surrounding  the  front  and  sides  of  the  head-shield 
is  parabolic  in  outline  in  the  male,  but  semicircular  in  the  female, 
as  already  mentioned.     It  is  of  constant  width  throughout,  except 
in  front,  where  the  glabella  invades  it  to  half  its  width,  and  at 
the  posterior  angles,  where  it  slightly  expands.     Its  average  width 
is  a  little  less  than  one-third  the  length  of  the  glabella.     The  upper 
surface  of  the  fringe,  which  is  gently  concave,  with  a  rounded  edge, 
bears  20-26  radially -elongated  deep  sulci,  of  which  the  anterior  are 
rather  broader  and  more  open  than  the  posterior.     Along  the  bottom 
of  the  14-18  median  sulci  lie  three  conical  pits  (PI.  III.  Fig.  6)  : 
the  anterior  one  is  smaller  than  the  other  two  and  does  not  com- 
municate with   the  lower  surface   of   the  fringe.     The   two  other 
larger  pits,  of  which  the  posterior  is  of  greater  size,  communicate 
Wh  the  lower  surface  by  means  of  a  minute  pore  at  their  base — the 
(ipex  of  the  cone — which  leads  into  a  similarly  arranged  and  corre- 
Bponding  pair  of  inverted  conical  pits  opening  on  the  under  surface 
of  the   fringe.     Whereas   the  anterior   pit   is  only  present  in  the 
Median  14:-18  sulci,  the  two  larger  pits  with   their  corresponding 
pftir  of  lower-surface  pits  are  present  in  all  the  sulci  of  the  fringe. 
In  the  last  four  or  five  sulci  on  each  side  the  two  pits  on  the  upper 
surface  approach  more  closely  to  each  other  until  in  the  last  two  or 
three  sulci  they  have  actually  fused  more  or  less  into  one.     In  the 
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cast  of  the  low«r  snrface  of  the  fringe  (Fig.  5)  it  is  nen  that  there 
are  odIt  two  pits  rres«nt  in  eich  stiIcus.  ani  that  these  do  not  fose 
toge:Ler  in  the  few  U$:  r^rlal  8i*.ci  on  each  side  ai  the  ooireeponding 
ones  do  on  the  cpr«r  surfao?.  whereas  in  the  anterior  ladial  aalci  on 
the  lower  snrface  the  two  pits  appr'xia.ate  or  even  tend  to  faae  into 
one.  There  is  aW,  gern  on  the  lower  surface  a  marked  smooth  space, 
nearly  eqcal  in  width  to  the  sulci,  mnning  hehind  them  in  a  pointed 
arch  and  separating  them  fi^^m  a  sirgle  series  of  small  pits  which 
do  not  show  on  the  apper  surface.  The  median  front  portion  of  this 
series  i«  situated  on  a  triangular  depressed  am  which  posteriorly  is 
extended  into  narrow  Tertiod  pn:>Iongations.  separated  from  the  rest 
of  the  fringe  hj  a  ec-niinuati-jn  of  the  unpitted  space.  These 
prolongations,  which  are  in  fact  the  upwardly-bent  inner  margins 
of  the  fringe,  decrease  in  wiilth  till  they  end  at  the  base  of  the 
genal  spines  and  bear  the  s'ngle  row  of  small  pits.  What  appears, 
therefore,  in  the  impressi  -n  as  a  cushion,  corresponds  to  an  actual 
concavity  on  the  lower  surface  of  the  fringe.  The  genal  or  lateral 
spines  start  from  the  outer  posterior  angles  of  the  head -shield ;  each 
spine  is  stout  at  its  bnse.  but  tapers  rather  rapidly  to  a  point ;  it  is 
also  grooved  along  its  whole  length  and  has  an  outward  curve. 
As  far  as  I  can  draw  conclusions  from  the  fragmentary  material  at 
present  at  my  disposal  the  spines  in  the  male  are  longer  than  those 
in  the  female.  The  degree  of  outward  curvature  is  also  liable  to 
variation. 

The  thorax  with  its  six  body -rings  has  the  axis  strongly  convex. 
The  pleurae  are  horizontal  as  far  as  the  fulcrum,  but  are  at  that  point 
bent  gently  downwards  and  slightly  backwards.  The  fulcrum  is 
situated  at  a  distance  from  the  axis  of  rather  less  than  two-thirds 
the  whole  length  of  the  pleura.  A  shallow  furrow  starts  from  the 
anterior  inner  angle,  and  runs  to  the  outer  posterior  angle  of  each 
pleura,  increasing  in  breadth  as  it  is  traced  outwards.  It  is  bordered 
in  front  by  a  narrow  rounded  margin  of  constant  width  which  is 
formed  by  the  raised  anterior  edge  of  the  pleura.  The  posterior 
part  of  the  pleura  is  abruptly  elevated  behind  the  oblique  furrow, 
but  slopes  down  gently  to  the  posterior  margin.  In  the  extra- 
fulcral  portion  the  furrow  occupies  nearly  the  whole  width  of  the 
pleura.     The  free  ends  of  the  pleune  aro  truncate. 

The  p3'gidium,  which  is  about  one- third  the  length  of  the  head- 
shield,  is  rounded  and  transversely  expanded  (being  nearly  three 
times  as  broa^l  as  long),  and  has  a  moderately  convex  axis  oocnpying 
in  breadth  about  one- fifth  of  the  surface.  This  axis  tapers  slightly 
to  an  obtuse  end  which  almost  touches  the  posterior  margin,  and  ii 
crossed  by  three  or  four  faint  annulations.  Two  to  four  indistinct 
grooves  are  visible  on  the  lateral  lobes  of  the  pygidium,  the  broad 
posterior  border  of  which  is  sharply  bent  down. 

Affinity, — llie  figures  in  Angelin*s  ''  Palseontologia  Scandinavica 
{Trilohita,  t.  xli.  figs.  1,  la,  h,  c,  p.  84)  of   Trinucleua  bucculenl^ 
(Ang.),  if  they  had  been  supplemented  by  a  more  minute  description^ 
would  have  enabled  us  to  institute  a  moro  exact  comparison  than  i* 
BOW  possible;   for  undoubtedly  the  Irish  form  approaches  molt 
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closely  to  this  species  than  to  any  other.  The  points  of  agreement 
with  Angelinas  species  are  (1)  the  general  appearance  and  amount 
of  inflation  of  the  parts  of  the  head- shield ;  (2)  the  shape  of  the 
glabella  and  its  lobes;  (3)  the  tubercles  and  ornamentation  on 
the  glabella  and  the  cheeks ;  (4)  the  presence  of  radial  sulci ; 
(5)  the  general  characters  of  the  pygidium.  The  peculiarities  of 
the  Irish  form,  and  its  differences  from  the  foregoing  species,  are 
(1)  the  non-projection  of  the  glabella  beyond  the  fringe;  (2)  the 
shape  of  the  cheeks  and  their  lack  of  any  lateral  overhang  of 
the  fringe ;  (3)  the  minute  size  and  relations  of  the  sulci,  and  the 
pits  in  them ;  (4)  the  outward  curvature  of  the  spines. 

The  lower  surface  of  the  fringe  and  the  thoracic  rings  are  not 
figured  by  Angelin,  but  the  Irish  form  has  in  them  features  not 
fpund  in  other  figured  or  described  species.  Under  these  circum- 
stances the  Irish  form  deserves  to  rank,  for  the  present  at  any  rate, 
as  a  distinct  species,  and  it  may  be  called  after  its  home,  T.  hibernieus, 

EXPLANATION   OF  PLATE  III. 
Fio.  1.  CyheU  tramoretuit.     x  3. 
Fio.  2.  lA-mucleut  hibemieut.     9     Head-shield  nearly  perfect,  showing  general 

shape  and  characters.    Variety  with  many  lateral  sulci.    The  glabella  is 

worn  and  imperfect,     x  3. 
Fio.  3.  Ditto.     Head-shield  showing  lobes  of  glabella,  tubercles,  etc.     x  3. 
Fig.  4.  Ditto,     (f     Impression  of  thorax  and  of  lower  surface  of  fringe  of  roUed- 

up  specimen,     x  6. 
Fio.  5.  Ditto.     Impression  of  head-shield  of  rolled-up  specimen  Fig.  4.     X  3. 
Fio.  6.  Ditto.     Portion   of   upper   surface   of   fringe,    showing    pits   in   median 

sulci.      X  6. 
Fio.  7.  Ditto.     Reticulate  ornamentation  of  glabella  and  cheeks,     x  18. 


IL— A  Crittoism  of  the  Asteonomical  Thbory  of  the  Ioe  Age, 
AND  of  Lord  Kelvin's  Suggestions  in  gonneotion  with  ▲ 
Genial  Age  at  the  Pole. 

By  Edwabd  p.  Cultbrwill,  M.A.,  Fellow  of  Trinity  College,  Dublin. 
(Gontinued  from  the  Januaiy  Number ^  page  13.) 

(Part  II.) 

IN  the  previous  portion  of  this  paper,  whicli  appeared  in  the 
January  Number,  I  examined  the  form  in  which  Croll  presented 
fte  astronomical  theory  of  the  Ice  Age  and  endeavoured  to  show 
W  absolutely  unsound  his  argument  is.  It  is,  however,  at  least  as 
fiecessary  to  discuss  the  form  in  which  Sir  Robert  Ball  presents  it ; 
for  much  of  the  recent  success  of  the  theory,  outside  the  school  of 
iQodem  geologists,  was  due  to  the  weight  naturally  attached  to  the 
fact  that  a  writer  of  Ball's  scientific  eminence  believed  he  had  so 
materially  strengthened  Croirs  astronomical  argument,-  that  had 
^Voll  himself  been  aware  of  its  full  force,  he  would  not  have  felt 
Wnd  to  call  in  such  auxiliary  agencies  as  a  diversion  of  the  Gulf 
Stream  from  its  course.  If,  then,  the  theory,  as  presented  by 
^foll,  was  able  to  win  its  way  with  such  success  among  scientific 
*Whoritie8,  it  must  surely  be  irresistible  in  the  new  and  more 
powerful  form.  But  it  will  be  seen  that,  so  far  from  strengthening 
Croirs  position,  BalFs  statement  weakens  it  very  materially. 
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I.   EXAMIKATIOH  OF  SiB  BOBEBT   BaLL'b   "  CaUBB  OF  AN   loS   AOB." 

The  first  pages  whioh  deal  with  the  astronomical  explanation  of 
the  Ice  Age  are  pp.  43-47.  Here  Ball  practically  agrees  with  CroU ; 
the  only  difference  being  that  while  Croll  takes  —  239^  F.  as  the 
"natural  zero,"  or  temperature,  to  which  the  earth  would  fall  if 
the  sun-heat  were  removed,  Ball  takes  —300  F.  Thus,  all  the 
objections  to  Croll's  argument  C  (see  the  paper  in  the  January 
Number)  apply  equally  here.  In  addition  to  what  I  have  there 
pointed  out,  I  give  the  following  discussion  to  show  how  the  method 
on  which  Ball  and  Croll  rely,  if  properly  followed,  oonfirms  my 
contention. 

Let  us  try  to  apply  this  method  to  the  temperature  of  Great 
Britain,  amending  it  where  it  is  in  direct  conflict  with  known 
physical  laws.  We  must  proceed  somewhat  as  follows:  Since  the 
temperature  reaches  its  maximum  and  minimum  in  July  and  January 
respectively,  we  know  that  in  each  of  those  months  the  total  heat 
received  is  equal  to  the  total  heat  lost.  Now,  the  loss  arises  from 
two  causes — first,  heat  lost  by  radiation  from  the  earth ;  and  second, 
heat  lost  by  transference  to  other  parts  of  the  globe.  Similarly  the 
gain  arises  from  radiation  from  the  sun,  and  from  heat  transferred 
from  other  parts  of  the  earth.  We  can  strike  a  balanoe  between 
the  heat  lost  and  gained  by  transference,  and  call  it  the  heat  gained 
by  transference  ;  but  we  must,  of  course,  remember  that  this  will  be 
a  negative  quantity  if  more  heat  be  transferred  northward  than  is 
received  from  southward. 

Now  we  assume  with  Croll  that  the  radiation  from  the  surface  of 
the  earth  is  to  be  treated  as  a  direct  radiation  into  space ;  that  is  to 
say,  we  neglect  what  is  probably  one  of  the  most  important  factors 
in  terrestrial  temperatures,  the  blanketing  effect  of  the  atmosphere. 
Phen,  assuming  the  truth  of  Stefan's  law,  we  suppose  the  loss  by 
radiation  to  be  proportional  to  (4604-i)^  Hence,  if  ^  be  the  heat 
transferred,  and  iS  the  sun-heat  and  stellar  radiation  received,  then 
since  in  January  and  July,  when  the  temperature  is  stationary,  the 
heat  received  must  equal  the  heat  lost,  we  get  the  equation, 

J2^+iSf  =  ^(460  +  0* 
where  A  is  the  coefficient  of  radiation.  As  we  do  not  know  the 
value  of  JET,  we  must  make  various  assumptions  and  see  what  their 
effect  will  be.  First,  suppose  that  in  July  JEr=  0.  Then,  taking 
lat  55^  as  representing  Great  Britain  generally,  we  have  for  July 
&  =  1700,  and  i  =  60*^  F.,  and  for  January  B  =  265  and  <  =  40°  F., 
the  1700  and  265  being,  of  course,  on  an  entirely  arbitrary  scale. 
Hence  for  July, 

1700  =  ^(460  +  60)* 

1700 
whioh  gives  A  = 


(520)* 
Hence  for  January, 

=  1465 
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ThugtYes  for  H,  the  heat  transferred  to  us  from  the  Qnlf  Stream,  etc., 
in  January,  the  equation 

F=  1465-266  =  1190 

Now,  in  order  to  get  the  direct  effect  of  diminished  sun-heat,  let  us 
•appose  that  the  heat  transferred  in  January  in  the  epoch  of  great 
eooentrioity  is  the  same  as  that  now  transferred,  and  we  get  for  the 
temperature  at  that  period  the  equation 

1700 

where  S^  is  the  reduced  son-heat  radiation  in  the  epoch  of  great 
ecoentricity.  But  the  sun-heat  is  reduced  by  about  16  per  cent.,  so 
that  if  we  neglect  the  star-heat  we  get  for  Sf  the  value  223.  Hence 
the  equation  becomes 

1700 
1190  +  223=^^.(460  +  0* 

and  this  gives  for  t  a  value  between  36^  F.  and  37^  F.  Hence,  on 
this  supposition  the  fall  in  temperature  would  be  between  3^  F.  and 
4°  F.,  about  the  same  as  that  obtained  by  my  much  safer  method  of 
comparison. 

If  we  suppose  that  in  July  we  receive  a  balance  of  heat  from  the 
Gulf  Stream  and  air-currents,  we  should  get  a  still  smaller  lowering 
of  temperature  in  the  supposed  Glacial  epoch.  For  instance,  if  iZ, 
the  July  heat  transferred,  was  equal  to  the  July  sun-heat,  then  the 
above  fall  in  temperature  would  be  reduced  by  almost  exactly  one- 
half.  If,  on  the  other  hand,  we  lose  half  our  summer  sun-heat  by 
transference  to  more  northern  latitudes,  then  the  fall  in  temperature 
would  be  about  7°,  nearly  double  that  obtained  on  the  first 
Bopposition. 

I  do  not  give  this  as  a  safe  method,  because  in  the  first  place  it 
neglects  the  effect  of  the  blanketing  by  the  atmosphere ;  in  the 
second  place  there  is  the  uncertainty  about  H,  and  in  the  third  place 
although  it  is  quite  certain  that  the  radiation  increases  faster  than 
the  temperature,  yet  Stefan's  law  may  not  be  strictly  applicable  to 
the  radiation  of  the  earth  in  space.  I  insert  it  merely  to  show  that 
a  little  physical  knowledge  of  the  problem  they  were  dealing  with 
would  have  saved  the  astronomical  geologists  from  making  such 
extraordinarily  mistaken  estimates  of  the  effect  of  the  decreased 
Bun-heat  on  terrestrial  temperature. 

The  fact  that  the  lowest  temperatures  occur  almost  simultaneously 
about  January  all  over  the  globe,  as  shown  by  the  "Challenger** 
isothermal  maps  (just  as  the  highest  temperatures  occur  about  July), 
indicates  that  the  upper  regions  of  the  atmosphere  have  a  very 
great  controlling  influence  on  the  loss  of  heat  by  radiation,  and 
that  instead  of  considering  that  the  earth  radiates  heat  off  to  space 
it  would  be  more  correct  to  regard  it  as  radiating  to  those  high 
altitudes  of  atmosphere  in  which,  for  two  reasons,  the  temperature 
is  probably  much  more  uniform  between  the  poles  and  the  equator 
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than  it  is  nearer  the  earth's  surface.  For  in  the  first  place,  there  is 
probably  a  very  rapid  interchange  of  air  between  the  poles  and  the 
equator,  and  in  the  second  place,  the  upper  strata  of  the  atmosphere 
are  warmed  by  the  sun  with  far  more  constancy  than  the  lower 
strata ;  even  at  the  earth's  surface  twilight  lasts  till  the  sun  is  18^ 
below  the  horizon,  and  as  we  ascend  the  horizon  is  depressed.  If 
it  were  not  for  this,  we  should  expect  the  polar  regions  to  go  on 
cooling  down  during  all  their  long  night  of  winter. 

From  p.  48  we  pass  to  p.  78,  where  the  exposition  of  the  theoiy 
really  begins.  There  is  nothing  in  the  well-known  theorems  here 
set  forth  which  calls  for  comment  till  p.  89,  where  I  find  the  first 
indication  of  a  statement,  repeated  more  than  once  later  on,  to  the 
effect  that  Dr.  CroU  was  under  the  erroneous  impression  that  the 
winter  sun-heat  was  equal  to  the  summer  sun-heat,  the  difference  in 
temperature  arising  only  from  the  greater  length  of  the  winter. 
It  is  due  to  Dr.  Groll  that  this  misconception  should  be  removed, 
and  I  am  sure  Sir  Robert  will  be  the  first  to  acknowledge  the 
justice  of  the  correction.  In  ''The  Cause  of  an  Ice  Age/'  p.  89, 
we  read :  **  Do  not  read  this  as  if  it  asserted  that  the  heiat  received 
during  summer  is  equal  to  that  received  during  winter.  This  is  not 
true,  but  it  has  been  often  asserted.  It  is,  in  fact,  the  fundamental 
error  which  has  vitiated  the  astronomical  theory  of  the  Ice  Age  a$ 
previously  presented,  and  which  it  is  the  chief  object  of  this  little 
book  to  expose." 

Again,  p.  115:  "Not  only  did  I  find  that  the  true  law  had  been 
overlooked  but  it  became  apparent  that  sometimes  another  law  had 
been  adopted  which  was  absolutely  incorrect  I  found,  furthermore, 
that  the  astronomical  theory  of  the  Ice  Age  as  ordinarily  stated  was 
contaminated  with  absolute  blunders  in  the  simple  mathematical 
questions  which  are  involved." 

Having  then  quoted  what  is  certainly  either  a  careless  mistake 
or  a  mere  oversight  of  Herschel,  who  incidentally  states  that  half 
the  heat  of  the  year  is  received  in  summer  and  half  in  winter. 
Sir  Robert  proceeds  (p.  118):  "Indeed,  on  such  a  matter  it  was 
not  unnatural  that  the  words  of  Herschel  should  have  been  adopted 
without  any  very  careful  scrutiny.     I  examined  OrolVs  book  care- 

fully  on  this  point So  far  as  I  can  gather  from  the  various 

allusions  to  the  astronomical  element  of  the  problem  in  his  writings, 
it  would  seem  as  if  he  entertained  the  same  view  a$  that  which  is 
incorrectly  set  down  in  the  '  Outlines  of  Astronomy,* "  Again,  p.  135 : 
"  He  [Dr.  Groll]  appears,  in  common  with  many  others,  to  have 
been  influenced  by  Herschel's  unfortunate  inadvertence." 

I  had  read  Croll's  "Climate  and  Time"  before  I  read  "The  Cause 
of  an  Ice  Age,"  and  I  certainly  had  not  received  the  impression  that 
Croll  was  under  the  misconception  supposed  by  Ball.  Indeed,  it 
seemed  to  me  a  thing  incredible  that  anyone  should  really  suppose 
the  winter  sun-heat  at,  say,  the  North  Pole,  was  equal  to  the 
summer  sun-heat  at  the  same  place.  Accordingly  I  examined 
Croll,  and  I  cannot  find  the  slightest  ground  for  the  idea  that  Croll 
entertained  the  erroneous  view  referred  to ;  but,  on  the  contrary,  he 
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more  tban  onoe  lays  down  the  law  in  the  oorreot  form  in  which 
Ball  Btaies  it,  and  in  p.  87  of  "  Climate  and  Time  "  Croll  inoidentally 
■hows  how  well  aware  he  was  of  the  true  nature  of  the  distribution 
of  annual  heat  Speaking  of  the  latitude  of  Edinburgh,  he  says ; 
"The  quantity  of  heat  reoeived  during  winter  is  scarcely  one-third 
of  that  reoeived  during  summer,"  and  further  down  on  the  same 
page  he  speaks  of  the  **defieieney  of  heat  received  in  winter  from 
that  received  in  eummer,** 

In  the  first  of  these  quotations  from  Croll  we  see  one  great 
difference  between  his  method  and  Ball's,  a  difference  in  which  the 
idvantage  seems  to  me  to  lie  wholly  with  Croll.  For,  while  Croll 
carefully  bears  in  mind  the  different  relations  which  exist  betweeni 
the  winter  and  summer  sun-heats  in  different  latitudes.  Ball  lump$ 
togeiker  the  winter  $wn-heat  over  the  entire  northern  hemiephere, 
snd  compares  it  with  the  summer  sun-heat  over  the  entire  nemi- 
iphere.  He  does  not  suggest  any  reaeon  for  introducing  the 
ann-heat  OTer  the  tropics  in  a  question  which  relates  only  to  the 
temperature  of  the  northern  latitudes.  He  does  not  seem  to  think 
it  necessary  in  any  way  to  justify  or  explain  the  application  of  the 
numbers  63  and  37  (which,  of  course,  do  give  the  relative  summer 
and  winter  snn-heats  received  over  the  entire  of  either  hemisphere)  ; 
he  merely  etatee  that  it  is  impossible  to  discuss  the  astronomical 
theory  of  the  Ice  Age  unless  these  figures  form  the  refrain  of  every 
argument  (pp.  90,  91).  But  in  fact  these  figures,  63  and  37,  have 
little  or  no  relation  to  the  astronomical  theory  of  the  Ice  Age,  which 
is  really  the  theory  of  the  temperature  of  the  northern  latitudes  in 
the  winter  of  great  eccentricity.  For  the  temperature  at  any  latitude 
is  determined  by  four  factors — 

(1)  The  gain  of  heat  transferred  to  it  from  warmer  latitudes  by 
means  of  air  and  ocean  currents. 

(2)  The  loss  by  heat  transferred  from  it  to  colder  latitudes  by 
air  and  ocean  currents. 

(3)  The  sun-heat  received  by  it 

(4)  llie  heat  radiated  by  it  into  space. 

Now  neither  the  summer  nor  winter  value  of  any  one  of  these 
quantities  is  represented  by,  or  proportional  to,  the  numbers  63 
and  37.  They  vary  from  latitude  to  latitude,  and  it  would  be 
impossible  for  any  single  pair  of  numbers  to  represent  the  combined 
effect  of  the  very  complicated  quantities  over  the  different  latitudes 
to  which  the  theory  of  the  loe  Age  must  be  applied. 

But  if  we  are  to  take  two  numbers  to  represent  the  summer  and 
winter  sun-heats  which  determine  the  temperature  of  the  glaciated 
regions,  we  should  at  least  take  figures  which  bear  some  relation 
to  the  sun-heats  which  actually  fell  on  those  regions.  Now,  since 
considerably  more  than  half  the  annual  sun-heat  falls  between  the 
equator  and  latitude  30^  (as  is  evident  from  the  fact  that  sin  30^ 
=:^),  and  since  this  amount  is  not  far  from  equally  divided  between 
aammer  and  winter,  it  follows  that  out  of  100  units  of  heat  falling 
annually  on  the  northern  hemisphere,  say  25  falls  in  summer  and 
25  in  winter  within  latitude  30^,  leaving  only  about  63—25  %xi<9L 
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37—25,  or  38  and  12,  for  the  summer  and  winter  snn-beats  on 
the  portion  of  the  hemisphere  north  of  latitude  3(P.  This  rough 
and  ready  calculation  is  made  merely  to  show  how  far  the  numbers 
63  and  37  are  from  any  numher$  which  coidd  be  $uppo$ed  to  give 
the  ratioB  of  the  eummer  and  winter  eun-heate  in  those  regions  of 
the  earth  with  whose  temperature  during  the  long  winter  of  great 
eccentricity  it  is  the  business  of  the  astronomical  theory  to  deoL  The 
actual  percentage  of  summer  and  winter  sun-heat  are— for  lat.  50°, 
73  and  27  (nearly  3  to  1);  for  lat  60"",  82  and  18  (more  than 
4  to  1);  and  for  lat.  70^,  91  and  9  (more  than  10  to  1).  How 
greatly  must  the  astronomical  theory  of  the  Ice  Age,  which  is  neither 
more  nor  less  than  the  theory  of  the  temperature  of  these  latitudes 
during  the  long  winter  of  great  eccentricity,  be  weakened  by  sub* 
stituting  for  these  numbers  the  uniform  ratio  of  63  to  37 1 

Again,  the  mode  in  which  Sir  Robert  uses  these  figures  63  and  37 
to  arouse  in  the  untrained  imagination  the  picture  of  a  winter  of 
appalling  severity  is  very  unsafe.  The  argument  is  put  on  p.  135. 
If  in  the  period  of  great  eccentricity  **  the  [nearly]  double  supply 
of  heat  [63  measures]  be  poured  in  like  a  torrent  during  the  short 
season  [166  days],  while  the  single  supply  of  heat  [37  measures] 
Is  constrained  to  do  duty  over  the  long  season  [199  days],  then  an 
intolerable  climate  is  the  result  The  total  quantity  of  heat  received 
on  the  hemisphere  in  the  course  of  a  year  is  no  doubt  the  same  in 
each  case;  but  its  unsuitable  distribution  bespeaks  a  climate  of 
appalling  severity — an  Ice  Age,  in  fact" 

It  will  probably  come  as  a  surprise  to  most  readers  of  this  passage 
to  learn  that  they  are  even  now  suffering  under  a  still  more  intoler* 
able  climate  than  this,  one  of  far  more  "  appalling  severity.*'  In  the 
latitude  of  Dublin,  where  the  book  was  written,  while  63  measures 
of  heat  were  poured  in  like  a  torrent  during  the  166  hottest  days  of 
the  year,  not  37  but  only  22  measures  of  heat  are  left  to  do  duty 
over  the  long  period  of  the  199  coldest  days ;  that  is,  less  than  two* 
thirds  of  the  amount  which  is  supposed  to  produce  an  lee  Age.  In 
fact,  we  have  to  go  as  far  south  as  Madrid,  Naples,  or  Constantinople, 
in  lat.  41^,  to  get  the  summer  and  winter  distribution  of  sun-heat 
during  the  166  and  199  days  in  the  appalling  proportions  of  63 
and  37. 

There  are  two  other  quantitative  statements  relative  to  alteration 
in  temperature  made  by  Ball.  The  clearest  is  on  pp.  130,  131, 
where  he  deduces  the  result  of  a  method  of  using  the  numbers 
63  and  37  to  obtain  a  numerical  statement.  He  finds  that  in  the 
Ice  Age  the  mean  annual  range  of  temperature  of  Great  Britain 
will  be  increased  from  its  present  value  of  20^  F.  to  28^  F.  Surely 
this  is  a  reductio  ad  absurdum  of  the  theory.  There  is  hardly 
a  climate  in  the  northern  hemisphere  where  the  range  is  not  much 
greater  than  28^  F.  In  latitudes  40^,  50"",  and  60^  in  America,  the 
ranges  are  50°  F.,  65°  F.,  and  75°  F.  respectively,  but  we  have  no 
Ice  Age  there.  Why  should  a  range  of  28°  F.  in  Great  Britain  be 
supposed  to  produce  an  Ice  Age  ?  The  reason  given  is  (p.  131) : 
''It  is  to  be  observed  that,  generally  speaking,  the  coldest  places 
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are  those  of  the  greatest  mean  annual  range.  We  are,  therefore, 
tniiiUd  io  infer  that  the  e£fect  of  suoh  a  change  in  the  eccentricity 
as  we  have  supposed  would  he  to  increase  the  range,  lower  the 
temperatare  of  the  hemisphere,  and  thus  induce  the  Olacial  period." 
How  are  we  to  discuss  such  an  assertion?  It  amounts  to  this, 
that  wiihaui  examining  what  the  alleged  connection  between  annual 
temperature  and  annual  range  ts,  and  without  any  pretfioue  atteit'pt 
to  aeeertain  what  temperature  is  neceeeary  to  bring  about  an  lee  Age, 
we  are  "  entitled  to  infer "  that  a  range  of  28^  F..  in  Great  Britain 
would  induoe  the  Glacial  period  I  So  far  from  that  heing  the  case, 
the  most  cursory  examination  of  the  far  greater  ranges  of  tempera* 
tare  in  non-glaoiated  regions  at  present  seems  to  entitle  us  to  infer 
that  the  supposed  increase  of  range  would  he  quite  powerless  to 
effect  the  desired,  or  indeed,  any  very  marked  change  in  climate. 

The  other  quantitative  statement  is  to  he  found  on  p.  105,  where, 
still  working  on  the  hasis  of  the  63  and  37,  Ball  calculates  that  in 
tbe  Glacial  winter  there  would  he  a  deficiency  of  7  per  cent,  in  the 
average  daily  supply  of  sun-heat  as  compared  with  our  present 
winter  supply,  the  unit  heing  the  average  annual  daily  sun-heat. 
As  the  unit,  according  to  Ball's  supposition,  keeps  Great  Britain 
350  degrees  ahove  the  natural  zero,  this  might  he  supposed  (accord- 
ing to  the  erroneous  theory  adopted  hy  Ball  and  Croll  alike)  to 
produce  a  lowering  of  24*5^  F.  in  the  winter  temperature  of  Great 
Britain.  Ball  does  not  here  make  the  calculation,  hut  I  make  it  on 
bis  principles  in  order  to  show  how  small  is  the  result  obtained  by 
Ball  as  compared  with  that  of  Oroll,  who  gets  a  lowering  of  45*3^  F. 
in  the  winter  temperature  of  Great  Britain.  Hence,  so  far  from 
Ball  being  correct  in  thinking  that  if  Croll  had  known  his  form 
of  the  purely  astronomical  portion  of  the  theory,  he  would  not  have 
oonsidered  the  alteration  of  the  Gulf  Stream  a  necessary  adjunct, 
it  would  seem  as  if  Croll  would  then  have  wanted  a  second  Gulf 
Stream  to  help  him  for  the  45 '3  minus  24*5  degrees  of  refrigeration 
he  would  have  to  abandon. 

I  now  pass  to  another  point.  It  was  long  ago  stated  by  Tyndall 
that  great  heat  to  produce  evaporation  was  as  necessary  in  giving 
rise  to  a  Glacial  age  as  great  cold  to  produce  condensation.  After 
agreeing  with  this.  Ball  states  that  the  astronomical  theory  shows 
where  to  look  for  the  necessary  heat  He  points  out  correctly  that 
the  annual  quantity  of  heat  received  by  the  whole  earth  is  not 
lessened,  and  he  continues  (p.  109) — "If,  therefore,  the  glaciated 
hemisphere  received  during  its  winter  a  deficient  supply  of  heat, 
to  which  the  glaciation  owes  its  origin,  the  defect  of  heat  upon  this 
hemisphere  will  have  to  be  compensated  for  elsewhere.  More  favoured 
regions  of  the  globe  will  accordingly  enjoy  a  more  copious  supply 
of  sunbeams,  and  thus  those  volumes  of  aqueous  vapour  will  be 
provided  which,  put  in  circulation  by  the  winds,  are  deposited  in 
the  form  of  snow  when  the  ice-sheets  are  growing.*'  Here  is  an 
oversight,  not  unlike  that  of  Herschel,  to  which  reference  has  been 
made.  The  sentence  I  have  italicised  should  read,  "the  defect  of 
winter  heat  on  this  hemisphere  is  compensated  for,"  not  ehewhere^ 
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but  elBewhen,  t.e.  **  in  summer  on  the  same  hemiflpbere.'*  The 
"  more  favoured  regions  "  are  enjoying  a  cooler  summer  than  usual, 
for,  in  the  Glacial  winter  the  whole  earth  is  further  from  the  sun 
than  usual,  and  every  region  receives  less  heat.  Hence  it  follows 
that  if  the  extra  heat  of  the  short  Glacial  summer  is  to  produce  the 
increased  evaporation,  and  if  the  snowfall  is  to  be  in  winter,  it  is 
necessary  that  the  moisture  thus  evaporated  in  summer  shall  be  held 
in  the  atmosphere  till  precipitated  by  the  cold  of  winter.  OroU, 
who  saw  well  the  difficulty  here  involved,  boldly  asserts  that  the 
ohief  snowfall  will  be  in  summer. 

I  have  now  disposed  of  every  argument  of  importance  put 
forward  by  Ball,  and  shown  that  the  theory  as  presented  by  him 
does  not  even  claim  to  account  for  at  all  as  great  an  effect  ss 
that  asserted  by  CroIL  For,  as  has  been  shown  above,  CroU  claims* 
a  lowering  of  45*3^  F.  in  the  mid-winter  temperature  of  Great 
Britain,  while  Ball's  theory  only  gives  about  25^.  Hence  i^  is  quita 
a  mistake  to  suppose  that  though  CroU's  mode  of  presenting  the 
astronomiccd  part  of  the  theory  may  require  to  be  strengthened  by 
eonsidering  the  changes  produced  by  ocean  currents,  such  auxiliary 
causes  are  rendered  unnecessary  by  the  changes  Ball  has  introduced. 
Evidently  they  would  be  more  necessary  on  Ball's  theory  than  on 
CroU's. 

Hence  the  net  result  of  the  discussion  is  that  the  theory  remains 
where  Croll  left  it 

In  concluding  a  long  and  somewhat  dry  criticism,  I  may  he 
allowed  to  express  my  satisfaction  in  finding  that  the  conclusion 
I  have  reached  on  purely  physical  grounds,  negative  though  it  be, 
is  so  far  in  accord  with  the  views  of  the  modern  school  of  geologists 
that  it  permits  of  the  date  of  the  prehistoric  glaciations  being  fixed 
in  accordance  with  the  geological  evidence,  and,  as  I  venture  to 
think,  finally  removes  a  restriction  as  to  the  date  of  the  Ice  Age, 
which  many  geologists  had  felt  to  be  an  unreal  one. 

[Since  writing  this  paper,  my  attention  has  been  directed  to  Sir 
H.  H.  Howorth's  Glacial  Nightmare^  in  which  there  is  a  long  and 
able  criticism  of  the  Astronomical  Theory  of  the  Ice  Age,  in  which 
a  summary  of  the  criticisms  advanced  by  previous  writers  is  included. 
The  chief  feature  of  this  paper,  i,e,  the  mode  of  calculating  a  limit 
to  the  probable  alteration  in  terrestrial  temperatures  due  to  direct 
sun-heat,  is  not  of  course  referred  to,  not  having  been  published 
until  last  year.] 

As  to  the  genial  age,  we  have  the  great  authority  of  Lord  Kelvin 
for  thinking  that  it  might  be  due  to  a  more  open  Arctic  Sea  in  which 
a  great  influx  of  warm  water  was  maintained.  See  Geological 
Climate  in  his  recently  republished  Lectures  and  Addressee, 

After  saying  that  a  sinking  of  1000  feet  would  submerge  vast 
areas  of  land,  and  leave  the  North  Pole  very  free  and  open  to  access 
by  sea,  he  continues :  **  Just  think  of  a  current  of  three-quarters  of  a 
nautical  mile  per  hour,  or  70  miles  in  4  days,  40  fathoms  deep,  flowing 
across  the  Arctic  circle  to  the  Pole.  This  would  cover  the  whole 
area  by  one  fathom,  and  if  7*1^  C.  above  the  freezing-point  would 
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mng  in  enough  heat  to  prevent  freeziDf(»  if  in  24  hoan  m  mnoh 
tieat  were  radiated  away,  as,  taken  from  7-2  inches  of  water  at  zero, 
iroiild  transform  it  to  ioe.     This  is  no  doubt  mnoh  more  than  the 
lotoal  radiation  would  be  if  the  water  were  0*C.  at  the  Pole  and 
7*1^  at  the  Arotio  oirole."    Add  to  this  a  south  wind  at  15  miles 
per  hour  through  2300  feet  above  the  surface,  and  also  at  7-1^  0. 
(which  would  carry  as  much  heat  as  15  fathoms  of  the  water),  and 
we  have  the  agencies  suggested  by  Lord  Kelvin  in  1877  for  the 
production  of  a  genial  period  at  the  Pole.    But  suppose  we  grant 
that  they  would  keep  the  Arctic  circle  from  frost,  is  there  the  least 
probability  of  such  agencies  ever  coming  into  play?    The  Gulf 
Stream  flows  at  less  than  4  miles  per  day,  and  we  are  asked  to 
rappose  a  current  flowing  at  18  miles  per  day  I    Where  is  the 
impelling  force  to  come  from  ?    Apparently  Lord  Kelvin  suggested 
tbftt  the  difference  in  specific  gravity  due  to  temperature  might 
be  the  motive   power,  but  in  view  of  the  final  abandonment  of 
temperature  differences  as  causes  of  ocean  currents  on  a  large 
lode,  this  cannot  be  admitted  as  sufficient  to  produce  a  current  of 
inything  like  the  required  depth  or  velocity,  and  whether  we  assign 
winds  or  difference  of  specific  gravity  as  the  cause,  we  are  met  by 
the  difficulty  that,  as  we  have  ultimately  to  depend  on  differences  of 
temperature  in  different  latitudes,  Lord  Kelvin's  result  seems  incon* 
listont  with  his  cause,  for  he  supposes  the  temperature  differences  to 
be  almost  annihilated.     Again,  in  January,  we  have  to  go  far  south 
of  tbe  Arctic  circle  to  get  a  temperature  of  7*1*^  C.  (nearly  45®  F.), 
Again,  if  the  forest  trees  of  Greenland,  Grinnell  Land,  and  Spitz- 
bergen  were  only  found  at  a  height  of  1000  feet  above  the  present 
lea-level,  it   might  be  rational   enough  to  account  for  the   high 
temperature  of  which  they  are  the  evidences  by  supposing  a  sub- 
mergence of  the  land  to  that  extent,  but,  since  this  is  not  the  case, 
we  cannot  postulate  such  a  submergence  to  explain  the  phenomena. 
As  to  an  explanation  of  prehistoric  glaciation,  I  am  afraid  I  have 
nothing  very  definite  to  offer.     Of  course  an  alteration  of  altitude 
is  sufficient,  but  the  geological  requirements  do  not  seem  to  admit  of 
(^  very  free  use  of  this  method  of  explanation. 

If,  indeed,  we  could  see  any  probability  that  at  a  former  age 
the  south  winds  passed  in  tbe  upper  regions  of  the  atmosphere  in 
BQmmer,  as  they  now  do  in  winter  when  the  surface  wind  is  from 
the  north,  so  that  there  was  a  continuous  and  permanent  north  wind 
blowing  across  the  Arctic  circle  down  to  temperate  latitudes,  then 
we  might  find  a  full  explanation  of  an  ice-age  gradually  spreading 
lOQthward  over  the  land,  especially  as  such  winds  would  either 
inipeda  or  reverse  the  Gulf  Stream.  I  am  not  at  present,  however, 
Ahle  to  suggest  any  cause  for  such  a  difference  from  the  present 
distribution  of  the  winds. 

It  is  not  unlikely  that  there  never  was  an  Ice  Age,  but  that  there 
bate  been  at  times  various  local  glaciations  such  as  we  now  see  in 
Greenland.  The  present  glaciation  in  Greenland  is  supposed  to  be 
in  great  part  due  to  the  cold-water  current  which  flows  along  its 
scores  from  the  Polar  regions,  and  this,  in  its  turn,  is  in  part  duft 
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to  the  entry  into  those  regions  of  the  Gulf  Stream,  so  that 
glaoiation  of  Greenland  is  the  counterpart  of  our  genial  clir 
Into  these  geographical  conditions  I  do  not,  however,  propos 
enter  here ;  I  will  content  myself  with  a  general  argument  for 
geographical  theory  of  glaciation  as  opposed  to  the  astronom 
namely,  that  whereas  the  change  in  the  winter  isothermals  du 
sun-heat  in  times  of  great  eccentricity  amounts  at  most  to  a 
4^  of  latitude,  the  present  changes  in  winter  isothermals  amoun 
over  33^,  as  where  the  0"C.  winter  isothermal  passes  from  sout 
New  York  to  north  of  the  North  Cape,  a  shift  due  to  geograpl 
conditions  ahout  eight  times  as  gpreat  as  any  shift  due  to  astronon 
conditions  could  be. 

Is  it  possible  that  there  may  have  been  any  consider 
interchanges  of  atmosphere  between  the  earth  and  the  reg 
of  space  through  which  it  has  passed  ?  It  is  certain  that  t 
must  have  been  some  such  interchange.  Whether  the  atmospl 
pressure  is  increasing  or  diminishing  depends  on  whether,  in 
course  of  the  earth's  motion  through  space,  more  of  the  intersti 
molecules  get  entangled  in  the  earth*s  atmosphere  than,  lea^ 
that  atmosphere,  get  entangled  in  the  interstellar  gases  thro 
which  the  earth  happens  to  be  passing,  and  are  thus  dragged  a 
from  the  earth.  If  ouce  we  were  allowed  to  assume  the  magni 
of  these  changes,  the  whole  difficulty  of  explaining  Glacial  or  gc 
ages,  so  far  as  temperature  changes  are  concerned,  would  vac 
For  instance,  if  due  to  some  gaseous  conditions  of  space,  or  perl 
to  the  absorption  into  the  atmosphere  of  the  gaseous  component 
meteorites  or  shooting  stars,  there  be  an  addition  to  the  atmospl: 
pressure  of  one  millimetre  in  three  centuries,  and  if  this  pro 
has  been  continued  for  20,000  or  25,000  years,  then  it  follows  1 
some  25,000  years  ago  the  atmospheric  pressure  would  have  I 
less  by  about  one- tenth  part  than  it  is  at  present.  This  woulc 
equivalent  to  raising  land  and  sea  by  about  2500  feet,  for 
blanketing  effect  of  the  decreased  atmosphere  would  be  about 
same  as  that  which  now  lies  above  a  mountain  2500  feet  h 
Thus  a  Glacial  epoch  might  be  produced  without  any  alteratio 
ike  geographical  eonditiont.  And  if,  on  the  other  hand,  ei 
through  the  earth  plunging  into  a  more  gaseated  region  of  sp 
or  through  some  catastrophe,  the  atmospheric  pressure  were  tc 
much  increased,  the  resulting  increase  of  temperature  might  be  ^^ 
great,  and  a  genial  age  might  be  the  result — a  rise  of  50^  F.  m 
readily  be  got 

No  doubt  there  is  much  that  may  fairly  be  called  **  vague  sp 
lation  "  in  this  suggestion ;  but  there  is  an  advantage  even  in  t 
for  the  more  vague  it  is  the  more  difficult  to  refute  it.  Certa 
I  do  not  think  it  can  be  refuted  by  calculations  such  as  thos< 
Mr.  G.  H.  Bryan,  p.  682  of  the  1893  Report  of  the  Brit.  Asi 
on  the  supposition  that  the  temperature  is  constant  and  that 
gases  have  established  themselves  in  a  permanent  state.  Thue 
finds  that  at  any  given  instant  there  are  very  few  particles  read; 
leave  the  atmosphere  of  a  large  planet.     But  the  very  essence 
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Mpporition  18,  that  the  diitribution  thronghout  interatellAr  apAOO 
t  psnnanent  and  does  not  follow  the  error  law.  If  two  bodies 
g  about  in  apaoe  oome  into  oolliiion  tlit*j  may  generate  a 
of  gas,  and  if  this  mass  of  gas  happens  to  get  in  the  earth's 
k  nay  be  oaugfat  np.  Indee<l,  if  we  assume  that  the  earth's 
w/ben  maintained  a  striot  equilibrium  with  the  interstellar 
Balsa  at,  say,  a  distance  of  1000  miles  from  the  earth's  surface, 
a  doubling  of  the  almost  infinitesimal  pressure  there,  would 
■hate  a  doubling  of  the  pressure  at  the  earth's  surface.  Of 
•  this  supposition  is  only  used  for  the  purpose  of  illustrating 
■0ft  that  a  small  alteration  of  interstellar  pressure,  if  spread 
a  aufficiently  vast  space,  might  eventually  g^Te  rise  to  a  con- 
lUa  cbange  in  the  atmosphere.  Moreover,  when  considering 
pplicability  of  Mr.  Bryan's  investigations,  we  must  not  forget 
iormous  speed  with  which  the  earth  meets  the  interstellar  gases. 
ly  any  molecules  of  those  gases  can  be  travelling  at  anything 
ka  speed  with  which  the  atmosphere  charges  into  them.  When 
iition  I  remember  that  the  atmosphere  is  in  a  state  of  rotation, 
gthis  charge  into  the  interstellar  matter,  I  comfort  myself  with 
Sought  that  the  problem  of  atmospheric  interchanges  is  so 
lieated  that  I  may  at  all  events  hope  to  enjoy  my  hypothesis 
considerable  time  before  anyone  succeeds  in  giving  it  a  really 
ive  overthrow.  Its  great  advantage  as  a  theory  of  the  Glacial 
I  is,  that  it  does  not  require  geographical  changes  such  as  are 
ly  postulated  in  connection  with  ail  other  theories,  even  the 
nomical  one. 


III. — Thx  Evolution  of  thb  Bbaohiopoda.^ 
[A  Sequel  to  Dr.  Thomas  Dayidson's  *<What  ia  a  BrachiopodP"]* 

By  AONBS   C&ANB. 

(PLATE  IV.) 

Part  L 

B  many  years  I  have  been  deeply  interested  in  the  general 
history  of  the  Brachiopoda,  and  I  have  enjoyed  the  acquaint- 

correspondence,  and  friendly  encouragement  of  most  of  the 
Bnt  biologists  and  paleeontologists  who  have  devoted  themselves 
e  elucidation  of  the  complex  structure  of  this  class.     Here  I 

name  with  reverence  Davidson,  long  my  friend  and  master ; 
mde,  of  Prague ;  James  Hall,  of  Albany ;  William  King ; 
me  Deslongcbamps,  the  Norman  naturalist ;  Suess,  of  Vienna ; 
e,  of  Bergen ;   Morse,  of  Salem ;   and  Dall,  of  Washington ; 

honourable  men,"  and  many  others  of  the  fin  du  $iiele  school, 
•  names  will  be  noted  in  the  sequel. 

iring  this  period  the  history  of  the  class  has  been  completely 
ritten.     llie  Brachiopoda  now  seem  to  justify  the  prescience  of 

ead  at  Chicago,  August  24,  1893,  before  the  Women*8  Auxiliary  Branch  of  the 
Ti  Couj^ress  (Section  Geology),  Department  of  Science  and  Philosophy ;  also 
the  Bnghton  Natural  History  and  Thilosophical  Society,  November  13,  1893. 
SOL.  Mao.  1877,  Dec.  II.  Vol.  IV.  pp.  145-155,  and  199-208. 
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Darwin.  Formerly  regarded  as  one  of  the  most  obstinate  difiB 
in  the  way  of  the  demonstration  of  the  evolution  of  invertebr 
on  earth,  they  now  bid  fair  to  beoome  a  remarkable  illustrai 
favour  of  it  It  is  no  longer  possible  to  doubt  that  the  life-! 
of  the  Braohiopoda  does  yield  convincing  testimony  of  the  ti 
the  law  of  Evolution,  and  to  the  establishment  of  this  fact  An 
scientists  have  largely  contributed.  Their  work  is  the  more  ore 
to  them  because  so  often  carried  on  amidst  a  constant  fig 
"  appropriations  **  and  a  liability  to  upset  from  the  exigencies 
political  situation — trials  happily  unknown  to  our  more  fa 
scientists.  In  the  Western  world  the  minds  of  scientific  worl 
general  seemed  more  favourable  to  the  acceptance  of  the 
principles  of  Evolution  conceived  and  first  promulgated  in  £ 
In  America  they  sought  rather  to  prove  the  argument  than  1 
trovert  it  They  were,  perhaps,  less  blinded  by  that  third 
''the  nictitating  membrane"  which  their  genial  and  witty  philo^ 
Wendell  Holmes,  has  declared  to  be  common  alike  "to  reptilei 
birds,  and  theological  students,"  and  by  means  of  which,  h 
*'  they  shut  out,"  not  all  the  light,  <'  but  all  the  light  they  < 
want!"  The  genus  is  not  absolutely  unknown  in  this  oc 
although  more  rare  than  formerly.  It  is  to  American  biologis 
we  owe  not  only  the  systematic  correlation  among  invertebn 
the  development  of  the  individual  (ontogeny)  with  the  phy 
or  evolution  of  the  group  to  which  it  belongs,  but  also  the  im{ 
discovery  of  the  radicals  of  many  classes  of  molluscan  at 
Such  ancestral  root-stocks  have  been  determined  by  Hyatt  f 
Cephalopoda,  by  Jackson  for  Pelecypoda  (in  Nucula),  ai 
Beecher  for  the  Brachiopoda.  The  radical  of  the  Brachiopoda 
Lower  Cambrian  genus  the  father-like  Paterina,  of  which  mon 

The  Brachiopoda,  it  is  well  known,  have  persisted  throuj 
the  life  epochs  of  the  geological  past  Their  bivalve  shells 
fossil  in  all  marine  deposits  ranging  from  the  Primordial 
Quaternary.  They  were,  however,  much  more  abundant  ( 
the  "old  time"  and  medial  ages  of  geological  history  than  < 
these  **  latter  days"  of  the  earth.  Out  of  the  277  described  j 
186,  or  two-thirds  of  the  whole  number,  appeared  in  PalsBOzoi 
and  a  goodly  number  were  evolved  during  the  great  Secondary 

Thousands  of  species  or  '* mutations"  have  existed  in  the 
but  now  they  can  be  numbered  by  tens  instead  of  by  thou 
for  there  are  fewer  surviving  species  than  there  were  genera 
Palaaozoic  era.  The  actual  number  of  living  species  was  esti 
by  Davidson — in  that  posthumous  "Monograph  on  the  1 
Brachiopoda  "  which  it  became  my  sad  duty  to  edit  for  the  Tr 
tions  of  the  LinnsBan  Society — at  99  certain,  and  29  doubtful  s 
referable  to  22  genera  and  subgenera.  With  the  modern  tet 
to  generic  subdivision  and  stricter  revision  of  species  it  is  pr 
that  this  estimate  will  be  reduced  rather  than  augmented,  so 
the  number  of  species  is  conceiiied  (27).^ 

^  These  numbers,  in  pafentheses,  refer  to  the  Bibliography  given  at  the 
Part  II.— Edit.  G.M. 
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The  living  forms  una  nniversally  distribated  in  the  seas  of  the 
world.  Their  range  in  depth  is  no  less  extended.  They  ooour  in 
ihallow  waters*  at  low  water-mark,  and  vaiying  degrees  of  depth, 
from  200  to  600  fathoms  being  the  nsual  limit  of  the  migority  of 
ipecies.  Several  far-ranging  abyssal  speoies  were  dredged  in  from 
1000  to  2000  fathoms.  The  delicate  transparent  shell  of  that 
interesting  little  Terebratuloid  lAoihyrina  {TerehratuJia)  WyviHeit 
Dav.y  was  actnally  obtained  in  a  living  condition  by  the  "Challenger" 
Eipedition  from  the  enormous  depth  of  2900  fathoms,  or  three 
miles  and  a  quarter,  at  the  bottom  of  the  South  Atlantic  Ocean  (30). 

Such  manifest  adaptability  to  varied  environments  is  probably  one 
of  the  main  oanses  of  the  persistence  of  the  group  throughout  the 
geological  ages.  The  Brachiopoda  seem  to  flourish  alike  in  tropical 
teas  and  the  frigid  abysses  of  the  ocean.  They  are  extremely 
tenadons  of  life  in  captivity,  pursuing — 

**  The  ndieleM  tenonr  of  thdr  way  *' 

for  months  and  even  years  together.  An  occasional  yawn  seems  to 
be  their  only  diversion.  The  animals  are,  however,  sensible  to  light 
and  close  their  valves  abruptly  on  the  interposition  of  any  shadow. 
The  "gape  "  is  less  than  in  the  oyster.  Civilized  man  who  swallows 
that  succulent,  but  often  insanitary,  bivalve,  is  apt  to  draw  the 
gastronomical  line  at  the  Brachiopod,  but  in  the  Philippine  Islands 
where  Lingulae  abound  and  are  oast  up  by  the  sea,  like  mussels  on 
our  shores,  the  natives  collect  them  for  food.  It  is  evident  from 
the  small  space  alloted  to  the  animal  in  some  of  the  fossil  speoies 
that  there  was  very  little  to  eat  in  them.  Many  fishes  are  ardent, 
if  somewhat  indiscriminating,  **  collectors  "  of  Brachiopods.  One 
would  imagine  the  spinose  forms  would  prove  rather  indigestible ; 
but  the  contemporary  sharks  and  other  fishes  were  furnished  with 
powerful  crushing  teeth,  and  doubtless  made  ''small  bones'*  of 
those  ornamental  appendages. 

The  use  of  these  spines,  so  extensively  developed  in  adult 
individuals  of  several  families,  is  not  actually  determined.  In 
some  species  they  were  evidently  flexible,  and  served  as  moorings 
or  as  clasping  organs,  as  in  the  case  of  that  little  Productoid  which 
Fischer  and  (Ehlert  re-named  Etheridgina  in  honour  of  its  first 
describer,  for  this  Productus  eompUctena  clasped  its  spines  round 
the  stems  of  the  sea  lilies,  swaying  to  and  fro  in  the  ocean's  depths. 
In  other  forms  they  were  tubular,  and  Dr.  John  Young  has  described 
ipecies  with  double  spines,  one  contained  within  the  other  (74). 
Such  may  have  subserved  the  function  of  respiration,  or  to  admit 
water  to  the  interior  of  the  shell  preventing  the  introduction  of 
impurities,  as  De  Yemeuil  had  previously  maintained.  The  spines 
ohviouHly  afibrded  no  protection  to  the  species  in  the  struggle  fo^ 
existence,  for  only  one  spinose  form  survives  out  of  many  members 
of  various  families  thus  ornamented.  This  interesting  example  is 
that  of  the  little  living  Hhynchonelloid  which  was  dredged  by 
Ouderlein  in  Sagami  Bay,  Japan,  and  was  named  R.  Doderleini  by 
Davidson  just  before  his  death  (31).     This  curious  survival  belongs 
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to  that  8ab-8eotion  of  spiny  Bhynchonelloicls  denominated  AcoMo^ 
ihyris  by  D*Orbigny,  so  abundantly  represented  in  the  Oolitio  seas. 
That  acute  Norman  palsdontologist,  Engine  Deslongchamps,  however, 
considered  it  more  closely  reproduced  the  fashion  of  spinose  oma* 
mentation,  characteristic  of  certain  Palsaozoic  genera,  as  the  spines 
are  arranged  in  regular  rows  at  intervals,  as  in  Airypa,  a  Palaaozoic 
form,  and  are  not  irregularly  dispersed  ovei*  the  surface,  as  in  the 
spinose  Rhynchonellse  of  the  Jurassic  epoch  (34). 

There  are,  indeed,  ''all  sorts  and  conditions"  of  Brachiopoda; 
they  vary  in  size  from  a  pin's  head  to  nearly  a  foot  in  length  and  in 
breadth  i^Producius  giganteus),  from  the  Carboniferous  Limestone. 
Tlieir  familiar  forms  present  so  many  queer  shapes  and  ornaments 
that  it  is  impossible  now  to  detail  their  external  features. 

But  something  must  be  said  with  regard  to  the  animal  inhabiting 
the  shells,  for  the  days  of  the  simple  conchologist,  content  with 
mere  externals,  have  passed  away — or  he  survives  only  for  the  benefit 
of  the  dealer.  The  study  of  what  was  scornfully  termed  the  '*  nasty 
animal "  has  become  one  of  the  most  important  oonditions  of  bio- 
logical research  from  the  earliest  free-swimming  larval  phases  to 
the  adult  fixed  condition  of  the  individual.  The  embryologist  now 
follows  the  life-history  of  a  Brachiopod  from  the  ova  through  all  its 
stages  of  development.  The  bathmologist  watches  it  from  the  first 
moment  of  the  growth  of  the  protegulnm,  or  initial  shell-oovering, 
through  infancy  to  youth,  from  youth  to  adolescence,  from  adolescence 
to  maturity,  from  maturity  to  decline,  and  from  decline  to  absolute 
senility  of  extreme  old  age,  when  the  venerable  Brachiopod,  like 
more  exalted  organisms,  again  reverts  to  its  infantile  characteristics. 
Then,  alas  I  it  sheds  its  surface  ornaments,  becomes  bald,  so  to  speak, 
and  may  even  become  obese  I 

It  is  to  the  recognition  of  the  value  of  these  methods  of  investi- 
gation, or  the  twin  sciences  of  embryology  and  auxology,  or  bath- 
mology,  as  Hyatt  prefers  to  term  it,  inaugurated  by  Heokel,  of  Jena, 
extended  by  Hyatt,  of  Boston,  and  systematically  applied  to  the 
Brachiopoda  by  Beecher  and  Clarke,  that  in  a  measure  we  owe  the 
revolution  of  thought  concerning  the  evolution  of  the  Brachiopoda. 

The  class  is  again  subdivided  into  two  sub-classes  distinguished 
by  certain  divergent  features  of  both  shells  and  animals,  yet  pos- 
sessing some  points  of  the  nervous,  circulatory,  muscular,  and 
reproductive  systems  in  common.  The  animal  in  both  sub-classes 
— developed  from  ova  discharged  from  the  fringed  margins  of  the 
mantle  into  the  sea-water — begins  life  as  an  active  free-swimming 
ciliated  embryo.  It  develops  ''eye-spots"  and  a  peduncle  by  which 
in  many  species  it  becomes  attached  by  its  hinder  body-segment, 
henceforth  adopting  a  sedentary  life.  The  shell,  which  is  secreted 
by  the  muscular  *'  mantle  "  envelope,  then  makes  it  appearance. 

Brachiopoda  belonging  to  the  simpler  and  somewhat  older  type 
are  characterized  by  hingeless  and  often  impunctate  shells  in  which 
phosphatio  elements  usually  preponderate,  with  valves  kept  in  place 
solely  by  shell-muscles.  The  "arms"  or  breathing  organs  are  of  a 
cartilaginous  nature  exclusively.     The  circulatory  system  is  rudi- 
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mentazy,  the  liver  lai^,  and  the  digestive  oanal  has  a  tenuinal 
orifioe,  lateral  in  Lingfda^  dorsal  to  the  median  line  in  the  anomalous 
Crania.  The  liingeless  Brachiopoda  are  heartless  creatures,  and 
the  oireulation  of  the  ooloarless  lymph  is  effeoted  by  ciliary  action. 
This  gronp  was  named  Lyopomata,  or  '*  loose  Talves,"  by  Owen ; 
huirtieMlaia,  by  Huxley ;  and  King's  name  of  TreUnierata  indicates 
the  important  pbysiulogical  distinction  (48). 

The  Arthrapomaia^  Ariieulata^  and  Qistemterakt,  on  the  other  hand, 
are  ohaiaoterised — as  their  respective  names  imply — by  jointed  valves 
or  articulated,  eesentially  calcareous  shells,  with  kinged  valves  united 
by  interlocking  hinge-teeth  fitting  into  sockets  in  the  opposite  valve 
snd  in  the  majority  by  the  absence  of  a  visceral  foramen.  The 
osrtilaginous  arms  are  supported  either  by  short  bands  or  crura,  by 
calcified  loops,  or  spiral  frameworks.  The  more  highly  developed 
members  of  the  hinged  sub-class  have  a  lymphatic  heart  and  supple- 
mentary vedolea  (Magellania  venoea),  and  a  true  vascular  system. 
But  accessory  hearts  are  not  uncommon  in  the  animal  kingdom. 
There  is  one  situated,  for  instance,  in  the  tail  of  the  eel,  which, 
perhaps,  accounts  for  its  extreme  liveliness.  In  all  the  surviving 
apecies  of  this  articulated  sub-class  the  digestive  tube  terminates  in 
a  coecum.  Evolution  does  not  always  imply  progress,  however,  and 
tbis  is  one  instance  of  the  origin  of  a  sub-class  through  degeneration. 

This  peculiar  physiological  feature — a  reversion  to  the  simpler 
digestive  process  of  the  sea-anemone — is  not  predicable  of  the  earliest 
fossil  articulated  Brachiopoda;  for  in  some  species  of  the  pro- 
trematous  and  telotrematous  orders  the  visceral  foramen  was  retained. 
Tbis  visceral  foramen  was  present  in  Athyria,  Rensselloeria,  and 
Cryptonella,  i.e,  in  members  of  the  spire-bearing  and  Terebratuloid 
stocks  at  the  earliest  epoch  of  their  derivation  from  the  antecedent 
Protremata.  Its  closure  was  concurrently  evolved  no  doubt  with 
the  gradual  development  of  the  interlocking  hinged  shell  and  sub- 
•equent  growth  of  the  shell-plates  which  ultimately  covered  in  the 
deltidial  area  of  the  umbonal  region.  The  change  originated  in 
that  order  Protremata,  so  prolific  in  short  ranging  genera.  Is  it 
snreasonable  to  assume  that  the  period  of  this  great  functional 
derangement,  a  physiological  crisis  in  the  history  of  the  develop- 
ment of  the  race,  exercised  an  unfavourable  influence  on  the  vitality 
of  the  first  articulated  order  in  which  it  originated  ?  It  is  a  certain 
&ct  that  only  one  genus  out  of  more  than  eighty  which  have  been 
referred  to  this  order  of  Protremata  have  survived  to  the  present 
day.  The  majority  enjoyed  but  a  comparatively  short  range  in 
time;  the  sole  survivor  is  Lacazella  Mediterranea,  characteristic  of 
the  secondary  family  of  Theddida,  and  I  am  inclined  to  ascribe 
the  persistence  of  this  genus  to  the  extraordinary  development  of 
internal  calcareous  spicula  which  permeate  the  mantle  and  form 
a  protective  covering  to  aU  the  vital  organs  of  the  little  animal 
inbahiting  the  shell — an  absolutely  unique  feature  among  the 
Brachiopoda. 

The  class  in  general  has  otherwise  progressed  during  evolution 
by  expansion  of  the  anterior  elements  of  the  body,  dev^opment  of 
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the  heart  and  Tasoular  system,  and  by  the  restriotion  of  the  pe 
opening  to  one  valve  of  the  shell.  We  can  trace  in  the  prim 
members  of  the  order  Neotremata  one  manner  in  which  this  ch 
originated.  In  the  elongated  forms  of  the  non- perforated  shel 
the  Atremata  the  long  peduncle  passes  out  freely  between  two  va 
In  some  of  the  earlier  forms  a  small  notch  is  developed  in  that  ^ 
which  becomes  eventually  the  pedicle  vcdve.  In  the  prim 
Neotremata  this  notch  deepens,  widens  as  in  DiscinoleptB,  an 
OrhicuLoidea  and  DUcina  it  has  become  almost  centrally  situ 
for  the  shell  grew  up  later  and  enclosed  the  shorter  byssu 
mooring  organ  (PL  V.»  Figs.  12;  16  a,  6,  c;  20). 

Hence  a  long  peduncle  is  usually  associated  with  elongates 
oval  shells,  a  solitary  life,  and  free  axial  movement  A  short  b] 
yielded  less  space  to  move  in,  and  growth  became  ooncenti 
Thus  the  ''disc  shells"  are  oo-ordinated  with  the  short  moc 
organ.  Both  existing  members  of  the  **  newly  perforated  "  ( 
(Neotremata)  adhere  in  masses  to  each  other  or  to  rock-surf 
and  the  consequent  crowded  condition  of  their  environment  aff< 
the  shape  and  growth-direction  of  the  individuals.  In  Crania,  in 
cling  in  clusters  by  their  lower  valves  to  rock-surfaces,  the  mai 
of  the  central  shells  cannot  expand  and  the  shell  grows  more  i 
upward  direction ;  hence  we  get  the  conical  helmet  shells  resemi 
a  French  cap  of  liberty.  The  divergence  between  the  outer 
inner  shells  of  such  a  mass  of  individuals  produces  what  some  w 
consider  as  almost  specific  differences. 

Such  are  some  of  the  sad  effects  of  overcrowding  among 
Brachiopoda.  These  serve  as  instances  of  the  mechanical  o; 
of  genera  and  species. 

The  history  of  the  class  is  almost  coeval  with  the  century.    B 
that  time  the  Brachiopoda  were  generally  regarded  as  curiosi 
or,  if  their  molluscan  character  was  recognized,  they  were  nsi 
grouped   in   that   class  of  Lamellibranchiate  bivalves  which 
once  again  the  fashion  to  call  Pelbctpoda.     Cuvier  was  the  fii 
determine  correctly  the  natural  affinities  of  the  Brachiopoda 
He  placed  them  in  a  class  by  themselves  at  the  base  of  his 
kingdom,  Mollusca,  and  gave  them  their  not  over-exact  nan 
Brachiopoda,  which  Dum^ril  subsequently  adopted.     Milne-Ed  v« 
classed  them  later  with  the  Polyzoa  and  Tunioata  in  a  sep 
sub-kingdom  to  which  he  gave  the  name  of  Mollusooida,  o: 
mollusc-like  animals. 

The  actual  affinities  of  the  Brachiopoda  have  been  the  subje 
much  debate  and  discussion.  There  is  now  a  general  tenden< 
revert  to  the  classification  of  Cuvier.  The  early  worm-like  li 
stages  considered  by  Steenstrup,  Morse  (54,  55),  and  Kowale 
as  proof  of  the  vermian  affinities  of  the  Brachiopoda  are  regc 
as  **  recapitulatory  phases "  indicative  of  the  parallel  descent 
one  common  source  of  the  widely-divergent  animals  belongii 
the  sub-kingdoms  Annulosa  and  Mollusca. 

^  These  fic^nres  refer  to  PI.  Y.,  which  will  accompany  the  conclusion  of  the 
when  the  Bibliography  will  be  given. — ^A.  C. 
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I  have  Been  no  reason  to  change  the  opinion,  strongly  expressed  in 
1881,  that  where  the  Braohiopoda  go  the  Polyzoa  must  follow  (16). 
A  parallel  arrangement  of  the  simpler  hingeless  forms  with  the 
ioferior  Polysoa — a  very  instructive  and  significant  series — reveals 
BO  many  anatomical  points  in  common  that  it  is  difficult  to  affirm 
any  closer  relationship.  Milne-Edwards'  name  may  still  he  retained 
for  this  group,  from  which,  however,  the  Tunicata  have  been  almost 
snanimously  ejected.  Conchologists  have  an  inveterate  habit  of 
figuring  the  shells,  from  the  physiologist's  point  of  view,  wrong 
way  up.'  If  we  turn  the  LingiUa  right  side  up  we  see  at  once  the 
resemblanoes  to  the  inferior  class  of  moss-animals. 

The  possibility  of  demonstrating  descent  with  modification  among 
the  Brachiopoda,  so  numerous  in  form  and  so  persistent  a  race  of 
organisms,  early  attracted  the  attention  of  Darwin.  He  was  much 
Btnick  with  a  series  of  Spirifera  which  had  been  arranged  on  a 
tablet  to  illustrate  the  succession  and  variation  of  species  of  that 
genus  by  Mr.  J.  W.  Salter,  Palsdontologist  of  Her  Migesty's 
Geological  Survey,  in  the  Jermyn  Street  Museum. 

Since  these  lines  were  written  a  further  instalment  of  Hall  and 
Clarke's  great  work  on  the  PalsBozoic  Brachiopoda  has  been  issued 
(38,  39).  By  a  singular  coincidence  I  find  that  these  authorities 
therein  propose  a  classification  of  the  numerous  species  of  the  genus 
Spirifer  into  six  sections  or  groups  of  species,  according  to  their 
external  oniaraenfations  and  because  it  serves  to  indicate  within 
the  integrity  of  the  genus  lines  of  progress  leading  to  resultants 
which  are  no  longer  congeneric.  In  other  words,  specific  variations 
among  the  Spirifers  lead  up  to  the  evolution  of  other  spire-bearing 
genera. 

It  is  now  more  than  thirty  years  ago  since  Darwin  first  addressed  a 
letter  to  Thomas  Davidson,  historian  of  the  British  Fossil  Brachiopoda, 
8ii«rge8ting  that  **  no  one  could  work  out  the  subject  better  than  he." 
''I  am  inclined  to  suspect,"  he  wrote,  in  April,  1861,  "that  on  the 
whole  the  evidence  of  the  Brachiopoda  would  be  favourable  to  the 
notion  of  descent  with  modification.  Many  curious  points  would 
occur  to  anyone  thoroughly  instructed  on  the  subject  who  could 
consider  a  group  of  beings  under  the  point  of  view  of  descent  with 
modification"  (p.  24;   29). 

"Mr.  Davidson  is  not  at  all  a  full  believer  in  great  changes  of 
species,  which  will  make  his  work  all  the  more  valuable,"  wrote 
l3arwin  subsequently,  with  characteristic  fairness,  to  Robert 
Chambers,  author  of  "The  Vestiges  of  Creation."  The  corre- 
spondence between  Davidson  and  Darwin  on  this  subject  was 
afterwards  published  in  "The  Life  and  Letters  of  Charles  Darwin," 
edited  by  his  son,  Francis  Darwin,  and  will  be  found  on  pp.  366-367 
of  the  second  volume  of  that  most  interesting  record. 

In  1876  Davidson  published  a  French  edition  of  the  excellent 

^  I  am  glad  to  note  that  Prof.  Alphens  Hyatt  has  reyersed  all  the  figures  of  the 
iUostratioiu  to  his  remarkable  memoir  **  Phylogenj  of  an  Acquired  Characteristic,'* 
•  powerful  argument  opposed  to  the  Weismannian  hypothesis,  issued  in  the  Pro- 
QMdiogs  of  the  American  Philosophical  Society,  yol.  xxxii.  No.  143. 
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paper  entitled,  ''What  is  a  Braohiopod?"  (29),  isiued  in  the 
Oboloqical  Maqazins  two  years  later:  he  therein  stated,  ap- 
parently considering  the  comparatively  few  species  that  survive 
rather  than  the  many  that  perished — '*  We  have  no  positive  evidence 
of  those  modifications  which  the  theory  involves,  for  types  appear 
on  the  whole  to  he  permanent  as  long  as  they  continue,  and  when 
a  genus  disappears  there  is  no  modification,  that  I  can  see,  of  any  of 
the  forms  that  continue  beyond  so  far  as  the  Brachiopoda  appear 
to  be  concerned  "  (29). 

Two  years  later  Joachim  Barrande,  a  French  Legitimist,  and 
formerly  tutor  to  the  Gomte  de  Ghambord,  whose  long  exile  from 
France  he  shared  in  Bohemia,  published  an  epitome  of  the  general 
results  of  his  own  vast  labours  in  the  Silurian  system  of  Bohemia  (1). 
This  distinguished  palaeontologist  stated  independently  that  he  could 
adduce  no  evidence  derived  from  his  study  of  the  Silurian  Brachi- 
opoda of  Bohemia  of  the  existence  in  that  area  of  the  modified 
descendants  of  antecedent  species  (1),  He  therefore  felt  unable  con- 
scientiously to  affirm  from  personal  knowledge  that  the  Brachiopoda 
would  be  of  much  use  in  demonstrating  the  truth  of  the  principle  of 
Evolution.  Barrande  died  of  grief  a  few  days  after  the  funeral 
of  his  king  and  master,  Henri  Cinq  King  of  France.  But  one  would 
hardly  expect  an  adherent  of  the  '*  white  fiag,"  a  Legitimist,  a  believer 
in  the  divine  right  of  kings,  to  be  a  convert  to  Evolution.  Allowance 
must  always  be  made  for  the  personal  equation  and  effects  of  the 
environment 

Davidson  always  admitted  that  varietal  changes  take  place  of 
such  a  marked  character  as  to  make  it  difficult  to  define 'the  species, 
and  this  led  him  to  express  the  belief  that  such  groups  of  species 
were  not  of  independent  origin.  He  seemed  thus  to  be  convinced 
of  the  extreme  variation  of  certain  species  whilst  maintaining  the 
permanence  of  genera. 

Now  the  tendency  of  all  modem  research  appears  to  demonstrate 
the  extreme  elasticity  or  flexibility  of  genera.  At  times  uncertainty 
prevails  as  to  what  constitutes  specific,  as  distinct  from  generic, 
characters.  We  are  confronted  with  the  problem  of  isomorphism, 
or  the  apparent  external  similitude  of  species  generically  differen- 
tiated by  marked  peculiarities  of  internal  structure.  So  that  we 
often  get  species,  heretofore  referred  on  external  characters  to  one 
genus,  split  up  into  several  genera  or  subgenera,  based  on  divergent 
characters  of  internal  structure.  The  fossil  Orthida,  for  instance. 
This  occurs  all  along  the  line,  for  the  recent  species  of  what  was 
formerly  termed  the  genus  Waldheimiaf  of  King,  are  now  divided 
into  six  or  seven  genera  and  subgenera;  although,  judging  from 
external  characters  alone,  it  is  not  always  easy  to  differentiate  them, 
for  specific  features  sometimes  change  less  than  generic  ones.  The 
reasons  for  the  separation  are  not  fully  apparent,  until  we  come  to 
investigate  the  transitional  stages  of  their  individual  development, 
which  reveal  passing  phases  we  may  expect  to  find,  nay  often  have 
foand,  characterizing  adult  forms  fossilized  in  antecedent  strata. 
i^^^lBiors  are  predioable — just  as  some  of  the  earlier  stages  of  the 
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ousestry  of  the  hone  were  predioafced  and  have  81000  been  aotaally 
diaoovered  in  a  foaail  oondition. 

During  the  eight  yean  that  elapsed  between  the  publioation  of  the 
English  edition  of  "  What  is  a  Braobinpod  ?  "  in  1877  (29)  and  that 
of  his  *'  Sanimary  of  the  British  Fossil  Braohiopoda,"  in  1884  (28), 
it  is  sorpriaing  that  Davidson  had  not  modified  his  opinion  on  the 
,  matter.  We  find  him  stating  (p.  386  ei  seq.)  that  he  still  found 
the  subject  of  the  desoent  with  modifioation  of  the  Brachiopoda 
"  heset  with  so  many  apparently  iuexplioable  diffioulties  that  year 
after  year  has  passed  away  without  my  being  able  to  tnoo,  in  a 
latisfaotory  manner,  the  descent  with  modifioation  among  the 
Bnohiopoda  which  the  Darwinian  theory  requires."  He  appean 
at  most  to  have  admitted  a  kind  of  ''dual  oontror* — species  some- 
times modified  themselves ;  genera  originated  in  a  different  manner. 
But,  really,  the  supervision  of  generic  creation  and  eztinotion  would 
have  been  no  sinecure. 

"  It  IS  probable," — we  now  quote  oerftoiim, — *'  that  at  least  a  laige 
proportion,  if  not  all  of  so  termed  species,  may  be  nothing  mure 
than  modifications  of  shapes  by  descent  of  a  limited  number  of 
primordial  types ;  but  it  is  very  difficult  in  the  present  state  of  our 
information  to  show  passages  between  the  genera  among  the  Braehi' 
spoda,^  so  well  as  among  other  groups  of  animals,  whioh  the  theory 
of  Evolution  absolutely  requires  "  (28). 

In  1894,  thanks  in  a  great  measure  to  the  life-long  researches  of 
James  Hall  and  the  sagacious  labours  and  enlightened  views 
of  John  M.  Clarke,  Palseontologists  to  the  Geological  Survey  of 
New  York,  it  is  no  longer  possible  to  deny  the  existence  of  such 
passages  between  many  of  the  Palceozoic  genera.  Much  of  the 
evidence  was  really  accumulated  by  both  Barrande  and  Davidson, 
although  they  failed  to  recognize  its  full  significance  (38,  39,  40,  41). 

The  Evolution  of  the  Brachiopoda  was  the  subject  of  frequent 
friendly  discussions  between  Mr.  Davidson  and  myself,  but  we  never 
agreed  upon  it,  for  being  ultimately  convinced  of  the  general  appli- 
cation of  the  law  of  the  Evolution  of  organic  life  on  the  earth,  a 
sense  of  humour  prevented  me  from  considering  the  Brachiopoda 
as  specially  created  for  bracbiopodists  to  describe.  My  views  were 
sufficiently  indicated  in  an  article  contributed  on  the  Molluscoida 
(BrachiojH>da  and  Bryozoa)  (16)  to  the  fifth  volume  of  **Cas8eirs 
Natural  History,"  in  1881.  But  it  is  one  thing  to  assert,  d  priori, 
the  logical  postulate :  another  to  substantiate  it  by  cumulative 
testimony,  as  Hall  and  othen  have  recently  done.  Truly,  as  Paley 
has  well  said,  "  they  alone  discover  who  prove." 

One  great  stumbling-block  in  Davidson's  way  was  his  strong 
belief  in  the  immutability  of  genera.  Tliis  conviction  is  fully  ex- 
pressed on  p.  391  of  his  '*  Summary  '*  before  referred  to  (28).  In 
a  footnote  be  gives  a  list  of  23  Tertiary  and  Cretaceous  genera 
regarded  aa  valid  by  foreign  authora,  and  rejects  their  claims  to 
g«uerio  rank.     Of  these  23,  twenty  at  least  are  now  recognized  by 

^  The  italici  are  my  own. 
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Beeoher,  Dall,  Douvillee,  Deslongchamps  (34),  Fischer,  and  the 
(Ehlerts  (63),  as  forming,  in  many  instances,  natural  connecting 
links  or  passage-forms  between  other  genera,  and  the  remaining 
three  were  ultimately  accepted  by  Davidson  himself  in  his  last 
posthumous  ''  Monograph  on  the  Recent  Brachiopoda  "  (27). 

He  had  evidently  an  almost  invincible  repugnance  to  the  multi- 
plication of  generic  names  and  definitions.  "  Were  we  to  indulge," 
he  wrote  in  1884, "  the  system  of  making  genera  out  of  every  trifling 
and  unimportant  difference,  the  number  would  become  so  great  that 
it  would  not  only  confuse  the  subject,  but  render  the  study  of  the 
Brachiopoda  one  of  repulsive  difficulty  "  (28). 

The  modern  school  of  fin  du  sUcle  brachiopodists  consider  that 
it  is  the  combination,  under  one  generic  name,  of  species  with 
divergent  internal  features  which  perpetuates  this  confusion.  They 
look  upon  such  forms,  as  for  convenience  we  call  genera,  as  natur^ 
occurrences  in  nature,  not  as  mere  arbitrary  scientific  abstractions 
designed  for  the  gratification  of  those  nomenclatorial  propensities 
apparently  inherent  in  mankind  since  Adam  modestly  named  all 
creation  that  was  known  to  him.  If  a  genus  comprises  an  assem* 
blage  of  forms  of  which  certain  characteristics  are  universally 
predioable,  it  seems  but  reasonable  to  conclude  that  any  deviation 
from  the  universal  rule  should  form  an  exception  and  be  placed  in 
another  genus.  Up-to-date  biologists,  therefore,  prefer  to  restrict 
the  number  of  species,  regarding  many  forms  of  so-called  species 
merely  as  divergent  resultants  from  age  and  environment,  and 
consider  the  erection  of  '*  trifling "  differences  into  generic  or 
subgenerio  characters  as  perfectly  justifiable,  so  long  as  they  are 
found  to  be  permanent  features  of  adult  structure  (4,  5,  6). 

These  minute  generic  divergences  from  the  original  type  are 
justly  regarded  as  so  many  links  in  the  chain  of  the  generic  descent 
of  the  race  in  general,  by  which  they  can  trace  collateral  branches 
with  their  numerous  ramifications.  That  some  of  the  main  lines 
die  out  while  the  collaterals  and  their  respective  ramifications 
continue  to  be  represented,  is  nothing  unusual  in  genealogical 
investigations.  In  other  cases  the  main  line  persists,  as  in  Lingular 
whilst  many  of  the  smaller  branches  of  the  linguloid  stock  became 
extinct  and  left  no  immediate  descendants. 

Just  at  present  we  are  willing  to  admit  that  the  study  of  the 
Brachiopoda  presents  many  difficulties  to  one  occupying — like  myself 
•—a  neutral  vantage  ground,  respecting  the  older  palsdontologists 
whose  valuable  labours  in  many  cases  alone  rendered  possible  the 
significant  deductions  of  that  New  School  with  whose  methods  I 
am  in  full  sympathy.  But  we  must  not  be  deterred  by  difficulties, 
however  **  repulsive  "  they  may  be,  from  the  pursuit  of  truth,  and, 
as  students,  we  must  learn  to  adapt  ourselves  to  the  new  methods 
and  novel  nomenclature,  the  results  of  which  will  in  the  end  clear 
up  the  minor  questions  which  still  obscure  a  complete  demonstration 
of  the  evolution  of  the  Brachiopoda.  It  is  well  to  remember,  as 
Lowell  has  well  said,  that  '*the  foolish  and  the  dead  alone  never 
change  their  opinions." 
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NoTX. — It  ia  time  some  examination  was  made  of  the  well-worn 
ugnment  with  regard  to  the  "  unohangeable  peraistenoe  of  the 
Braobiopoda"  onoe  more  repeated  by  that  brilliant  and  popular 
writer,  Prof.  Henry  Dmmmond,  who  is  supposed  to  reduce  the  hard 
facts  of  Boienoe  to  the  mental  pabulum  adapted  to  modern  social 
innocents  (Ascent  of  Man,  1894).  The  facts  respecting  this 
''nnchanged  persistence "  and  the  percentage  of  survivals  will  be 
duly  presented  in  a  textual  and  tabulated  form.  Hence,  it  will 
now  suffice  to  state  that  out  of  47  families  only  seven  survive. 
One  genus  oat  of  the  24  included  in  the  ancestral  order  Atbsmata 
persists,  from  the  Lower  Silurian  upwards,  and  that  is  lAnguhL  But 
this  ^  persistent "  LingtUa  was  preceded  by  a  number  of  antecedent 
forms  many  of  which  died  out  before  its  generic  characters  were 
established.  Three  genera  out  of  31  members  of  the  divergent 
order  Nbotbbmata  still  survive;  only  one,  Crania,  "persists"  from 
the  Lower  Silurian  upwards.  Both  these  are  relatively  shallow 
water  forms,  mostly  rock-fixed  and  shore  haunters.  The  sole  survivor 
out  of  82  genera  of  the  order  Pbotbsmata  belongs  to  a  secondary 
(Theoidoid)  type.  The  remaining  known  genera,  about  140  in 
number,  of  which  somewhat  less  than  thirty  survive,  all  belong  to 
two  out  of  the  three  main  subdivisions  of  the  fourth  order  of 
Tklotrsuata,  which  was  scarcely  differentiated  in  the  Lower 
Silurian  age.  Taking  Mr.  Schuchert*6  careful  estimate  of  genera 
(tabulated  March,  1893),  we  find  that,  at  a  rough  estimate,  two 
Palaeozoic  genera  out  of  175  all  told  "persist."  Thus  the  rate  of 
"unchanged  persistence "  among  the  Brachiopoda  is  less  than  one 
per  oent.  of  the  generic  mutations  evolved — or,  say  one  per  cent., 
making  full  allowance  for  generic  differences  determined  by  Hall, 
Clarke,  Beecher,  and  others  since  that  article  was  issued.  Neither 
of  the  so-called  *'  persistent  genera  "  appears  in  the  primordicd  fauna, 
and  the  recent  species  of  both  these  composite  genera  bear  unto 
this  day  visible  traces  of  their  obolleloid  and  paterine  Cambrian 
ancestors.  So  much  for  the  unchanged  "persistence"  of  the  Brachio- 
poda. Radical  stocks,  as  Professor  Hyatt  has  recently  shown  {he, 
cit,  44*),  may  continue  to  be  represented,  but  not  by  ** persistent" 
identical  generic  types.  Among  the  Tetrabranchiate  Cephalopoda 
the  result  is  even  more  marked  than  among  the  Brachiopoda,  as 
the  generic  term  Nautilus  is  strictly  applicable  only  to  recent 
species,  and  possibly  to  some  Tertiary  offshoots  of  the  main  Nautiloid 
persistent  stem  and  primordial  radical. — A.  G. 

{To  be  concluded  in  our  next  Number,) 
ly. A    COMPABISON   OF   THE    PxBBLES    IN   THE   TbIAS   OF   BUOLXIQH 

Saltxrton  and  of  Cannock  Chase.^ 
Bj  Professor  T.  O.  Bonnbt,  D.Sc,  LL.D.,  F.R.S.,  etc. 

THE  pebble-bed  in  the  Trias  of  Budleigh  Salterton  has  attracted 
much  notice,  but  I  am  not  aware  that  its  materials  have  been 
compared  with  those  of  the  corresponding  bed  in  the  Banter  group 

^  A  paper,  read  in  snhstance  before  Section  C,  at  the  Meeting  of  the  British 
Aoociation  at  Oxford. 
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of  the  English  Midlands.^  For  this  purpose  I  recently  spent  a  short 
time  at  the  former  plaoe,  and  think  the  results  worth  placing  on 
record.  I  select  for  comparison  the  pebble-bed  on  the  more  northern 
part  of  the  wild  Stafifordshire  moorland  called  Cannock  Chase,  with 
which  I  happen  to  be  especially  familiar.  The  points  of  resemblance 
shall  be  noted  first,  those  of  difference  afterwards. 

The  outcrop  of  the  Devonshire  pebble-bed  is  usually  a  hilly 
moorland,  naturally  overgrown  with  bracken,  gorse,  heath,  and  ling. 
There  are  scattered  copses  of  Scotch  firs  (planted).  That  is  the 
oharacteristic  scenery  of  Cannock  Chase.  The  pebbles  are  numerous, 
and  lie  in  a  sandy  matrix.  They  vary  from  subrotund  to  well 
rounded,  the  larger  specimens  being  sometimes  almost  subangular. 
They  seldom  exceed  a  foot  in  the  longest  diameter,  are  very 
commonly  from  3  to  5  inches,  and  smaller  specimens  are  abundant. 
Here  and  there  are  intermittent  beds  of  sand,  nearly  or  quite  free 
from  pebbles,  in  thickness  from  a  few  inches  to  two  or  three  feet ; 
false-bedding  is  often  distinct ;  the  pebbles  are  occasionally  impressed 
one  by  another,  though  rather  less  frequently  than  in  Staffordshire, 
for  they  are  not,  I  think,  quite  so  closely  packed.  But  the  general 
resemblance  of  the  two  deposits  is  very  marked. 

Where  I  had  the  best  view  of  the  relation  of  the  Budleigfa 
Salterton  pebble-bed  to  the  underlying  and  overlying  deposits, 
I  found  it  pass  rather  quickly,  and  apparently  regularly,  into  the 
marl  below,  the  pebbles,  perhaps,  generally  being  a  little  smaller 
than  usual  for  the  last  few  inches,  and  the  matrix  more  marly. 
The  pebbles  also  run  rather  small  at  the  top,  for  any  larger  ihaxt 
a  duck's  eg^  are  rare  in  the  last  four  feet ;  the  upper  surface  of  the 
bed  is  usually  even,  and  it  is  succeeded  by  a  thick  deposit  of  false- 
bedded  red  sand,  which  has  a  general  resemblance  to  the  Bunter 
sand  of  the  Midlands. 

Next  as  to  the  materials  of  these  pebble-beds.  Yein-quarta  ia 
common  in  both.  Quartzites  of  more  than  one  variety  are  yet  more 
eoramon.  Speaking  in  general  terms,  the  same  types  occur  in  both 
deposits,  though  not  in  the  same  proportion.  1  reserve,  however, 
further  particulars  till  I  come  to  mention  the  differences,  merely 
observing  that  in  both  a  fairly  hard  quartzite,  the  surface  of  whic^ 
has  a  somewhat  speckled  look,  due  to  the  presence  of  very  small 
grains  of  felspar,  is  rather  common.  But  I  was  surprised  to  find 
at  Budleigh  Salterton  specimens  of  the  moderately  coarse  hard 
quartz-felspar  grit,  which  so  closely  resembles  the  Torridonian  of 
Scotland,  to  the  presence  of  which  in  the  Midlands  I  have  already 
called  attention.  Specimens  of  a  dark-green  to  almost  black  rock 
occur  in  both  deposits,  which  will  presently  receive  a  fuller  notice. 
Both  also  contain  some  felstones,  with  more  basic  rocks  of  compact 
structure  and  purplish  colour ;  also  granitoid  rooks  in  a  very  rotten 
condition.  The  last  are  rare  in  the  Midlands ;  still  rarer  and  more 
obscure  at  Budleigh  Salterton.     In  neither  region  are  fossiliferoos 

^  A  Terr  full  description  of  the  pebble-bed,  with  notes  on  the  pebbles  by  Mr. 
Carter,  and  references  to  literature  up  to  1880,  is  given  by  the  late  Mr.  T.  Davidson. 
"  Palaeont.  Soc."  vol.  xxxv.  (1881). 
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qoartzites  or  grits  at  all  oomraon ;  indeed,  if  I  may  reason  from  my 
own  experience,  I  should  say  there  was  about  as  good  a  chance  of 
finding  them  in  the  one  place  as  in  the  other. 

Next  as  to  the  points  of  difference.  On  the  whole,  I  think, 
pebbles  of  about  four  inches  diameter  and  from  that  to  a  foot  are 
rather  commoner  at  Budleigh  Salterton  than  on  Cannock  Cliase. 
Certainly  in  the  pits  on  the  latter  one  sees  a  smaller  number  of 
the  sabrotund  to  subangular  stones  from  8  inches  to  a  foot  long. 
There  is  also  a  rather  marked  difference  in  the  form  of  the  better- 
rounded  specimens.  Pebbles  which  are  nearly  prolate  spheroids 
oocar  in  both  deposits,  but  that  is  the  common  shape  in  Staffordshire, 
while  those  in  Devonshire  are  more  usually  oblate.  This  is  very 
oonspicuous  in  walking  by  the  seaside  along  the  pebbly  beach> 
probably  because  the  specimens  have  been  finished  off,  possibly  even 
to  some  extent  selected,  by  recent  wave-action.  The  eye  is  at  once 
irrested  by  a  certain  flatness  in  outline,  which  may  be  indicated  by 
laying  that  the  dominant  type  of  pebble  is  an  ellipsoid,  the  diameters 
of  which  are  roughly  as  the  numbers  5,  4,  and  2. 

As  to  materials,  vein-quartz  pebbles  are,  I  think,  rather  commoner 
in  Devonshire.  Of  the  quartzites,  both  districts  show  several 
varieties,  varying  from  merely  hard  grits  to  rocks  so  uniform  in 
structure  and  so  completely  cemented  as  to  break  with  an  almost 
smooth  surface  and  subconchoidal  fracture.  The  latter  type,  however, 
is  not  common  at  Budleigh  Salterton  and  is  abundant  on  Cannock 
Chase.  Nevertheless,  I  found  one  or  two  specimens  at  the  former 
place  which  cannot  be  distinguished  from  the  noted  liver-coloured 
quartzite  of  the  latter.  Slightly  felspathic  quartzites  are  commoner  at 
Budleigh  Salterton,  in  fact  a  minute  '*  speckling  "  of  the  stone  is  one 
of  the  first  things  which  catches  the  eye.^  The  dark  compact  rocks 
are  rather  common  at  Budleigh  Salterton,  not  so  on  Cannock  Chase. 
In  the  former  place  they  are  very  frequently  almost  subangular 
and  as  large  as  the  rest,  pieces  full  6  inches  in  diameter  not  being 
rare;  on  the  latter,  they  are  generally  rather  small  and  bett-er  rounded. 
Fragments  chipped  from  five  of  the  dark-green  pebbles  were  powdered 
and  examined  under  the  microscope.'  All  showed  tourmaline,  so 
two  of  them  were  sliced.  Both  consisted  mainly  of  granular  quartz 
and  tourmaline  ;  the  latter  mineral  occurring  mostly  in  grains,  some- 
times almost  films,  occasionally  in  prisms  and  needles.  The  first  are 
generally  brown  in  colour,  now  and  then  passing  into  a  dull  blue ; 
their  shape  and  aspect  often  suggest  that  the  mineral  originally  was 
a  ferro-raagnesian  mica,  and  that  the  replacements  may  not  always  be 
complete.  The  prisms  vary  from  brown  to  blue,  and  the  needles 
appear  to  represent  a  paler  variety  than  the  others.  Both  these 
forms  are  most  abundant  in  small  quartzose  veins  which  traverse  the 
pebbles.  Here  sometimes  the  sides  and  one  end  of  a  crystal  are 
well   developed.     The   general   aspect   of  the   specimens  suggests 

'  Here  also  the  lighter  coloured  stones  become  a  whiter  colour,  after  they  have 
been  cleaned  from  the  matrix,  than  they  do  in  Staffordshire,  though  perhaps  this 
difference  may  not  be  of  much  value. 

^  I  am  indebted  to  Miss  C.  A.  Raisin,  B.Sc,  for  kind  help  in  this  matter. 
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a  sedimentary  rock  which  has  been  affected  by  contact-metamorphism 
and  has  had  its  aluminous  constituent  converted  into  tourmaline. 

Another  pebble,  dark  in  colour,  with  thin  bands  or  streaks  of 
a  grayer  tint,  was  sliced  after  tourmaline  had  been  detected  in  the 
powder.  It  consists  mainly  of  quartz  and  the  above-mentioned 
mineral,  but  indubitable  tourmaline  is  present  in  a  quartzose  vein. 
In  the  paler  bands  quartz  predominates;  in  the  darker  mica  or 
tourmaline.  In  the  latter  are  some  small  rounded  spots  of  chalce- 
donic  quartz.  These  suggest  the  possibility  of  an  organic  origin 
(?radiolaria),  but  I  cannot  venture  to  speak  more  positively.  The 
rock,  I  believe,  was  originally  a  stratified  clay  and  silt,  which  sub- 
sequently was  affected  by  oontact-metamorphism,  followed  by  the 
production  of  tourmaline. 

Lastly  a  pebble  (from  the  beach)  which  exhibited  well-marked 
bands  of  a  gray  and  a  dull-brown  colour,  very  minutely  granular, 
was  sliced,  after  its  powder  had  suggested  the  presence  of  tourmaline. 
The  lighter  layers  are  mainly  chaloedonic  quartz  with  small  films  of 
brown  mica  or  tourmaline,  the  darker  mostly  of  the  last  mineral, 
which  also  occurs  in  grains  and  prisms,  these  being  perhaps  more 
common  than  in  the  other  specimens.  Here  also  are  veins  with 
prismatic  and  acicular  tourmalines,  but  in  the  darker  layers  spots 
or  lacunse  occur  which  are  occupied  by  quartz  and  tourmaline, 
sometimes  prismatic,  often  acicular,  the  latter  seemingly  paler  in 
colour.  The  slice  also  contains  some  granules  of  a  darkish  mineral, 
occasionally  opaque,  but  sometimes  rather  translucent,  and  of  a 
muddy  golden-brown  colour,  possibly  cassiterite.  This  rock  appears 
to  have  had  the  same  history  as  the  last  one. 

These  specimens  correspond  with  some  of  the  fine-grained 
tourmaline-beariug  rocks  which  may  be  obtained  from  the  zones  of 
contact-metamorphism  around  the  granite  masses  of  West  Devon 
and  Cornwall.  I  did  not,  however,  observe  any  of  the.  coarse- 
grained quartz-toarmaline  rocks,  which  I  have  often  seen  in  the 
latter  county ;  for  instance,  near  St.  Austell  and  to  the  west  of 
Penzance.  Dark  green  pebbles  with  a  general  resemblance  to 
certain  of  the  above-named  occur,  as  already  stated,  in  the  Midlands; 
but  these,  so  far  as  I  have  examined  them  microscopically,  though 
they  contain  tourmaline,  present  considerable  structural  differences, 
and  are  not  suggestive  of  contact-metamorphism. 

Fragments  of  igneous  rocks,  while  not  abundant  at  either  locality, 
are  distinctly  commoner  and  more  varied  in  Staffordshire ;  there, 
with  the  same  amount  of  work,  I  could  collect  at  least  a  dozen 
varieties  of  quartz-felsite ;  in  Devonshire  I  found  at  most  two 
or  three,  only  one  of  which  was  anything  but  rare.  The  same  is 
true  of  the  more  decomposed  rocks,  both  basic  and  crystalline.  In 
Staffordshire  I  should  have  seen  ten  specimens  of  igneous  rocks 
where  in  Devonshire  I  saw  one.  In  the  former  county  also,  what  may 
be  called  *'  miscellaneous  sedimentaries,"  such  as  sandstones,  mud- 
stones,  chert  from  the  Carboniferous  Limestone,  eta,  are  commoner. 

I  was  not  able  to  recognize  any  of  the  following  rocks :  the 
gueisBoid  and  hornblendio  rocks,  the  serpentines  or  gabbros  of  the 
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Ltard  distriot,  the  aohists  of  the  Start,  the  granites  of  Cornwall  or 
Dartmoor,  the  Devonian  limestone,  the  Paleeozoio  slates  (perhaps 
hirdly  to  be  ezpeoted)  or  their  associated  grits  of  the  south-west 
ngion.  Among  the  qoartsites  and  quartzitio  rooks  a  few  might  be 
Devonian,  and  some  others  probably  represent  the  quartzites  (earlier 
PsbBoaoio)  of  soathem  Oornwall,'  but  the  majority  did  not  quite 
sonespond  with  any  of  the  rooks  whioh  I  have  seen  tn  titu  in  the 
Sooth-west  of  England,  and,  though  my  knowledge  is  nothing  like 
complete,  I  have  sampled  a  fair  number.  Moreover,  I  was  not 
reminded  at  Bodleigh  Salterton  of  the  fragments  in  the  Meneage 
eonglomerate.  The  felstones  may  represent  some  of  the  western 
elvans,  but,  as  already  said,  they  are  comparatively  rare ;  the  other 
igneous  rooks,  still  more  rare,  are  not  oharaoteristia 

The  materials,  then,  seem  not  generally  to  represent  the  rooks 
now  exposed  in  Cornwall  and  Devon.  I  had  expected  to  find 
s  large  proportion  of  rooks  from  this  region,  as  in  the  case  of  the 
broooias,  which  are  so  fully  exposed  further  west.  I  was  surprised 
to  observe  a  very  marked  difference  in  this  respect,  and  a  much 
doser  correspondence  with  the  lithologioal  character  of  the  Midland 
pebble-beds.  The  fragments  are  far  better  rolled  than  those  of  the 
breccia  beds,  and  thus  very  probably  have  had  a  much  longer  journey. 
I  do  not,  however,  suppose  that  they  are  derived  from  the  same 
nurce  as  the  pebbles  in  the  Midlands.  The  ascertained  facts  as  to 
the  distribution  of  the  Trias,  which  it  is  needless  to  recapitulate, 
make  this  practically  impossible,  and  the  fairly  constant  direction 
of  the  false  bedding  indicates  the  action  of  currents  from  a  more  or 
less  western  quarter.  But  the  presence  of  the  curious  quartz-felspar 
grits,  and  of  quartzites  resembling  those  of  North-west  Scotland, 
including  even  the  peculiar  liver-coloured  type,  suggests  the  pos- 
libility  that  the  ancient  mass  of  Archsdan  crystallines,  which  once 
swept  round  from  the  Scoto-Scandinavian  region  to  North-western 
France,  may  have  been  fringed  in  more  than  one  district  with  rocks 
of  Torridouian  and  Dumessian  types.' 


Y. — Questions  and  Answers  on  Ios-Motion. 

By  Rev.  £.  Hill,  F.G.S.  ;  late  Tutor  of  St.  John's  College,  Cambridge. 

A  PASSAGE  in  Mr.  Deeley's  letter  in  the  December  Number 
suggests  to  me  that  some  readers  may  like  an  opportunity  of 
clearing  their  thoughts  on  some  points  connected  with  the  motion 
of  ice.  After  a  tutor's  fashion,  I  will  ask  some  questions.  Let  any 
reader  consider  the  answers  he  would  give,  and  then  compare  with 
mine  which  shall  follow. 

If  ice  be  a  viscous  body,  how  can  the  Antarctic  ice  stand  "  pre- 
senting a  vertical  wall  to  the  ocean,  150  feet  high  "  ?  So,  in  a  better 
known  case,  how  can  the  walls  of  crevasses  in  a  glacier  retain  their 

*  Mr.  Pengelly  (Gbol.  Mao.  1878,  p.  238)  considered  the  fossiliferous  quartzites 
to  be  practically  identical  with  those  of  Gorran  IlaTen. 

^  See  a  very  anggeative  paper  by  Mr.  Ussher,  Quart.  Joum.  Geol.  Soc.  toI. 
ttr?.  (1879),  p.  246. 
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shape?  And  agaiD,  how  can  the  so-oalled  Glaoier-tables  sal 
Why  does  not  the  ice  of  the  stem  squeeze  oat  under  the  weig 
the  top  stone,  and  let  it  down  ? 

I  do  not  write  for  mathematicians  and  physicists,  who  will 
at  these  questions,  and  may  improve  my  solutions.  I  write  fc 
who  having  read  them  must  hesitate  before  answering.  1 
would  be  my  answers  if  asked  the  questions  in  an  examini 
Reversing  their  order :  A  Glacier-iable  is  due  to  a  melting  aw 
the  exposed  surface  by  the  sun,  while  the  ice  beneath  a  large 
is  unmelted.  If  the  surface  sinks  by  that  waste  faster  thai 
protected  stem  shortens  by  compression,  the  stem  will  leng 
The  squeeze  might  make  the  stem  thicken,  and  should,  unlesi 
waste  of  thickness  by  evaporation,  etc.,  exceed  the  increase  v 
the  compression  can  produce.  Crevasses  are  due  to  a  tension  a 
on  the  mass  of  ice.  If  viscosity  cannot  close  the  fissure  faster 
tension  is  opening  it  the  crevasse  once  open  must  remain  so.  1 
the  flow  of  the  glacier  has  carried  the  ice  past  the  tension-poi 
the  crevasses  will  dose.  The  Antarctic  ice,  if  a  viscous  bo<ly, 
flow  outwards  into  the  ocean  until  it  is  ready  to  float,  and  ti 
strains  from  floatation  or  other  causes  are  more  than  its  strengtl 
bear.  At  this  point  masses  will  break  off  and  float  away,  let 
where  they  broke  from  the  wall-like  face  described.  A  similar 
on  a  small  scale  due  to  a  like  cause  bounds  (or  did,  when  I  as 
bound)  the  Aletsch  glacier  along  the  Marjelen  See. 

As  another  question :  If  that  ice  be  viscous,  why  does  it  not 
up  the  Marjelen  side-valley  as  well  as  down  the  main  Al 
channel?  Answer:  It  does  so  flow,  to  an  extent  measured  b 
amounts  melted  away  from  that  face,  and  broken  away. 

The  following,  less  simple,  problem  may  enable  some  reade 
test  their  ideas  on  the  matter  of  ice  moving  '*  uphill."  I  su] 
everyone  has  seen  the  undulated  erection  called  a  switch- 
railway.  Suppose  a  continuous  train  of  cars  in  contact  a1on| 
whole  length  of  rails :  if  free  to  move,  the  weight  of  the  top 
ones  will  force  the  whole  train  forward.  Suppose  the  cars  rep 
by  blocks  of  ice,  separate  but  in  contact ;  no  doubt  a  similar  m 
will  ensue.  But  now,  suppose  the  interstices  between  succc 
blocks  all  filled  up,  so  that  they  are  united  into  one  continuous 
ribbon,  or  undulated  beam  of  ice ;  what  will  happen  then  ? 

Then,  in  motion  forwards,  convex  parts  would  have  to  com] 
concave  parts  to  extend.  I  have  no  doubt  that  if  the  upper  ei 
at  a  level  high  enough,  some  motion  will  result.  What  that  m 
will  be,  whether  the  same  forward  flow  as  of  the  separate  bl 
or  a  shattering  to  pieces  of  the  ice  at  points  of  greatest  strei 
a  thickening  in  the  hollows,  or  a  combination  of  these,  depen 
the  amount  of  breaking-strain  and  the  rate  of  viscous  flow, 
however,  the  stress  be  enough  to  cause  any  viscous  yielding,  tfa 
in  the  hollows  will  thicken,  the  mass  forced  uphill  will  inci 
the  force  required  to  move  it  will  in  turn  increase,  and  the  thick< 
be  accelerated  (assuming,  of  course,  a  continual  supply  of  ice  i 
starting-point);  whilst,  on  the  other  hand,  it  may  be  seen  that 
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^renely  the  ioe  on  tho  sammita  would  have  a  tendency  to  thin.  If 
the  ereotion  have  paropeti  of  small  height,  when  the  ice-stream 
thickening  rises  higher  than  the  parapets,  parts  will  ultimately 
break  away.  This  answers  to  the  Aletsch  glacier  flowing  past  the 
opening  of  the  Marjelen  See  valley.  But  if  the  parapets  were  very 
high,  1  think  that  ultimately  the  hollows  must  fill  up  to  at  least 
the  levels  of  the  summits,  and  so  produce  an  undulating  hut  generally 
descending  slope.  Such,  indeed,  we  see  in  actual  glaciers,  if  there 
be  rock-basins  hidden  in  their  beds. 

1  have  not  sought  the  figures  for  the  viscosity  and  breaking-strain 
of  ice.  Blocks  in  a  frost  can  lie  about  without  perceptible  change ; 
the  roof  of  the  Esquimanz's  snow-hut  does  not  sink  down  on  his 
head  during  the  night;  the  walls  of  the  Montreal  winter-castle 
remained  as  long  as  they  were  wanted.  Perhaps  ice  does  not  begin 
s  viscous  flow  till  the  force  reaches  a  sufficient  amount  A  stick  of 
lealing-wax  may  lie  on  its  side  for  months  without  noticeable 
alteration,  but  '*  hang  a  weight  to  a  bar  of  it,  and  it  will  yield " 
(Lord  Kelvin,  '*  Popular  Addresses,"  vol.  ii.  p.  844). 

Practically  we  see  that  the  Swiss  and  Oreenland  glaciers  do 
move  as  viscous  bodies.  They  follow  paths  of  least  resistance,  and 
these  paths  are  much  the  same  as  water  would  follow.  I  have 
been  asked — What  should  happen  when  a  glacier  from  a  side  valley 
debouches  on  to  the  top  of  a  larger  one  in  a  main  valley?  Much 
the  same  as  what  happens  when  a  tributary  flows  into  a  main  river, 
u  may  be  seen  where  the  glacier  from  under  the  Sparren-horn 
debouches  on  to  the  Aletsch.  Water  is  viscous  and  ice  is  viscous, 
though  in  very  different  degrees.  "Water  does  not  run  uphill," 
we  say,  but  in  a  pipe  it  does.  Ice  can  move  uphill  if  it  must,  but 
we  do  not  find  it  flowing  uphill  if  there  be  an  equally  eligible  down- 
hill path  available,  lliis  is  the  argument  of  a  letter  of  Professor 
Bouney's  in  Nature  (22ud  February,  1894),  which  met  with  little 
reply.  The  subject  tempts  me  to  a  further  pursuit,  but  1  will  not 
transgress  the  limits  which  I  indicated  in  beginning. 

YL — NoTx  ON  A  Specimen  of  Kbratbrpbtum  Oalvani,  Huxlet, 

FROM   StAFFOBDSHIKE. 

By  C.  W.  Andbews,  B.A.,  B.Sc,  F.G.S. 
of  the  British  Muaeum  (Natural  History). 

r'  a  collection  of  Coal-measure  Vertebrata  made  by  Mr.  J.  Ward, 
of  Longton,  and  recently  acquired  by  the  British  Museum, 
there  is  an  imperfect,  ciushed  skeleton  of  a  small  Labyrinthodont 
from  the  Ash-coal  Shale  of  Longton  Hall  Colliery,  Staffurdshire. 
This  specimen  was  noticed  by  Miall  in  1874  in  his  Bntish  Associa- 
tion Report  on  the  Classification  of  the  Labyrintbodonts,  where  it 
IB  referred  to  Uroeordylus,  some  of  the  characters  given  in  his 
diagnosis  of  that  genus  being  taken  from  it.  Some  measurements 
of  the  skull  were  added.  The  same  specimen  was  afterwards 
figured  in  Mr.  Ward's  paper  "  On  the  Geological  Features  of  the 
Korih   Sta£fordshire  Coal-field"  (Trans.  N.  Staffs.  Instit.  Mining 
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Engineers,  vol.  x.  1690,  pi.  iz.  fig.  2)  as  Keralerpeltm  Gahani. 
This  figure,  which  is  n&tural  size,  unfortunately  does  not  show  any 
details  of  the  atruoture  of  the  skull,  some  aooouot  of  wbioh  may  be 
of  interest. 


Soraal  Eurfuie  of  alcnll  of  Kerattrptttim  Oahiani,  Hniley.  t.oe.  inpm- occipital, 
tp.  epiotJc,  ■;,  ■qoamosal.  :l.  aupra-temporal,  pn.  parietal,  p^.  post-frontal, 
p.orb.  poat-orbibu,  jvg.  jugal,  fr.  frontal,  p^ar.  parietal  fonnnen. 

The  thick  dotted  lioeB  on  the  right  side  of  the  figure  marlc  the  poaitioD  of  the 
lateral  line  pita.    Twice  natural  lize. 

The  general  outline  of  the  skull  (see  figare)  closely  resembles 
that  shown  in  the  figure  of  the  type  specimen  of  Keralerpetvnt 
Qaltani  given  by  Huxley  (Proa  Roy.  Irish  Aoad.  vol.  xxiv.  1667, 
pi.  xis.  fig.  1).  The  snout  is  blunt  and  rounded,  and  the  binder 
border  of  the  skull  is  produced  hackward  into  two  pairs  of  oomua, 
of  wbioh  the  external  pair,  formed  by  the  quadrate  region,  is  much 
less  prominent  than  the  internal  pair  (epiotic),  and  as  far  as  can 
be  seen,  does  not  extend  quite  so  far  backward  as  the  base  of  the 
latter.  Tbe  exaot  limits  of  the  outer  pair  are  rather  indistinct,  and 
of  tbe  inner  pair,  that  on  the  animal's  right  is  broken  away.  In 
the  posterior  region  of  the  skull,  the  dorsal  side  of  which  is 
exposed,  the  outer  surfaoe  of  the  cranial  bones  is  well  seen,  but 
in  front  only  the  impressions  of  bones  remain  and  it  is  almost 
impossible  to  determine  their  arrangement.  On  the  counterpart, 
however,  this  can  be  made  out  to  some  extent.  The  external 
surface  of  tbe  bones  is  covered  by  a  sculpture  of  pits  arranged 
roughly  in  parallel  or  radiating  lines,  an  ornament  closely  resembling, 
on  a  small  scale,  that  seen  in  Loxomma.  Tbe  pits  are  close  together, 
being  separated  only  by  narrow  ridges.  At  the  bottom  of  many  of 
them  there  is  a  small  pore  with  n  slightly  raised  rim,  such  as 
occur  also  in  Loxomma.  These  pores  were  probably  oonnected  with 
dermal  glands.  Running  directly  furwsrd  from  the  hinder  border 
of  the  skull,  near  tbe  inner  side  of  the  base  of  the  epiotio  comua, 
there  is  on  either  side  a  row  of  larger  pits  which  can  be  traced  to 
the  neighbourhood  of  tbe  eye,  where  it  is  probably  continuous  with 
R  still  more  distinot  series  forming  a  curved  line  parallel  to  the 
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posteio-intemal  border  of  the  orbit  Across  the  occipital  region 
there  is  a  transverse  row  of  large  pits  connecting  the  two  lateral 
series.  The  whole  mark  the  position  of  the  lateral  line  system  of 
sense  organs. 

The  sntnres  between  the  cranial  bones  are  for  the  most  part 
obscure,  bnt  by  oarefal  examination  with  the  lens  the  arrangement, 
shown  in  the  figure,  can  be  made  out  with  a  fair  degree  of  certainty. 
The  supra-oooipitals  together  form  a  roughly  triangular  area,  of 
which  the  base  is  the  hinder  border  of  the  skull;  the  anterior 
angle  is  truncated  by  the  parietals,  while  the  sides  are  united  by 
Botare  with  the  epiotics.  These  latter,  which  bear  the  long,  back- 
wardly  projecting  comna,  are  bounded  by  the  parietals  in  front,  and 
the  squamosal  antero-extemally.  The  squamosal  abuts  on  the 
parietal  internally,  but  its  outer  boundary  is  not  dear.  I  believe 
that  traces  of  a  suture  running  antero-posteriorly  dose  to  the  pits 
of  the  lateral  line,  can  be  made  out.  If  this  be  so  the  bone  external 
to  this  suture,  and  forming  the  anele  between  the  outer  and  inner 
oomua,  will  be  the  supra-temponu.  It  is  separated  externally  bv 
an  obscure  suture  from  a  bone  which  may  be  quadrato-jugal. 
The  parietals  together  form  a  triangular  area  with  roimded 
posterior  angles.  In  the  median  suture  about  two-thirds  of  its 
length  from  its  hinder  extremity  is  the  round  pineal  foramen.  The 
outlines  of  the  post-orbital  and  post-frontal  are  not  very  dear,  but 
the  lines  given  in  the  figure  mark  their  approximate  boundaries  as 
shown  in  the  counterpart  of  the  specimen.  On  the  right  side  a 
portion  of  the  jugal  can  be  seen  forming  the  outer  border  of  the 
orbit,  but  it  is  crushed  and  obscure,  as  also  are  the  maxillse,  pre- 
nmxillas,  nasals,  etc. 

In  the  type  specimen  of  K.  Oahani  the  actual  sutures  between 
the  cranial  bones  are  not  shown,  but  judging  from  the  figure  given 
in  the  memoir  above  quoted,  their  form  and  arrangement  must  have 
been  the  same  as  in  the  present  specimen,  which  was  rightly  referred 
to  that  species  by  Ward. 

If  the  skull  here  described  be  compared  with  that  of  K,  crnssnm, 
figured  by  Fritsch  (Fauna  der  Gaskohle,  Bd.  1)  we  find  that  very 
great  differences  exist  between  the  two  species.  The  most  notable 
of  these  are :  (I)  In  X.  crasBum,  if  the  epiotio  cornua  be  left  out  of 
account,  the  hinder  border  of  the  skull  forms  a  straight  line,  while 
in  K,  Galvanic  the  occipital  border  is  far  behind  the  outer  (quadrate) 
sngle  (see  figure).  (2)  In  K.  crasaum,  FritBch  figures  the  epiotic 
oomua  as  distinct  elements  articulating  by  a  kind  of  ball  and  socket 
joint  with  the  epiotic  (?)  bones.*  In  K,  Gnhani  the  cornua  are 
simple  backward  prolongations  of  the  epiotics. 

(3)  In  the  former  the  orbits  are  separated  by  a  space  equal  to 

*  The  morphological  value  of  these  separate  epiotic  cornua  is  doubtful.  Frit^»(•ll 
himself  fiug«riMts  that  they  may  eithtT  be  simply  portions  of  the  epiotic  bi»nf*s  or 
may  constitute  the  whole  of  th'em,  the  bone  to  wliich  they  articulate  bein*^  in  that 
owe  undetermined.  It  may  be  pointed  out  that  these  elements  occupy  the  p)sition  of 
the  po:it-t4fmm>ral8  of  fishes,  and  may  i)ossihly  indicate  the  f< inner  occurrence  among 
the  Htegocephali  of  a  connection  between  the  posterior  region  of  the  cranium  and 
the  pectoral  girdle. 
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about  six  tiroes  tlie  diameter  of  one  of  them,  while  in  the  latter 
the  interval  is  only  equal  in  width  to  one  of  the  orbits.  (4)  The 
roofing  bones  of  the  skull,  at  least  in  the  posterior  region,  differ 
considerably  in  form  and  arrangement  in  the  two  species.  This 
is  particularly  noticeable  in  the  case  of  the  parietals,  which  in 
K,  crassum  form  together  a  rectangle  about  twice  as  long  from  side 
to  side  as  from  before  backwards.  (5)  In  K.  crassum  the  sculpture 
of  the  cranial  bones  consists  merely  of  a  few  widely  separated  pits. 

The  differences  between  these  two  forms  appear,  therefore,  to  be 
so  g^reat  as  to  render  it  impossible  to  refer  them  both  to  the 
same  genus,  and  K.  crassum  should,  therefore,  be  referred  to  as 
Scincosaurus  crMsus,  the  name  originally  applied  to  it  by  Fritsch 
in  1875.* 

Concerning  the  resemblance  of  this  skull  to  that  of  Urocordylus  it 
is  difScult  to  speak  with  certainty,  since  the  skull  of  the  specimen 
on  which  Huxley  founded  that  genus  is  unfortunately  very  badly 
preserved  (see  loe.  cit,  pi.  xx.  fig.  1).  In  it  no  epiotic  comua  are  to 
be  seen,  and  these  structures  are  also  wanting  in  U,  sccdartB,  Fritsch, 
the  skull  of  which  also  differs  widely  in  other  respects  from  that  of 
K.  Oalvani,  In  U,  reticuhius,  Hancock  and  Atthey,'  these  comua 
are  well  developed,  but  the  specimen  resembles  K,  Galvani  in  so 
many  respects  that  it  is  not  improbably  a  young  individual  of  that 
species. 

The  remainder  of  the  skeleton  is  not  well  preserved.  The 
serration  of  the  upper  border  of  the  neural  spine,  characteristic  of 
the  family  Nectridea,  is  clearly  visible  in  some  of  the  dorsal  vertebras. 
The  whole  of  the  tail  is  missing,  so  that  comparison  in  that  respect 
with  Urocordylus  is  out  of  the  question.  A  large  part  of  one  of  the 
lateral  plates  of  the  thoracic  buckler  is  preserved,  and  in  form  exactly 
resembles  the  bone  figured  as  scapula  (?)  by  Huxley  {loe.  cit,  pi.  i. 
fig.  1).  In  this  specimen  the  surface  of  the  bone  shows  a  sculpture 
of  pits  in  rows  radiating  from  its  posterior  spine-like  prolongation. 
Scattered  about  the  skeleton  there  are  several  scutes  with  a  sculpture 
like  that  of  the  cranial  bones,  of  which,  indeed,  some  may  be 
fragments ;  the  others  are  probably  the  larger  scutes  figured  by 
Huxley,  pi.  xix.  fig.  3.  Of  the  limbs  only  obscure  traces  of  the 
femur  and  humerus  remain. 


ITOa?IOES    OIF   3^E3^0II^S. 

Abstbaot  of  the  Fourteenth  Heport  to  the  British  Association 
ON  the  Earthquake  and  Yoloanio  Phenomena  of  Japan. 
(Drawn  up  by  the  Secretary,  Prof.  J.  Milne,  F.R.S.,  F.G.S.) 

THE  first  part  of  the  Report  gives  a  list  of  the  earthquakes 
recorded  in  Tokio  during  the  last  year.  The  second  portion 
gives  an  account  of  observations  made  with  horizontal  pendulums. 
These  pendulums  consist  of  a  horizontal  boom  about  five  feet  in 
length  held  up  by  a  fine  brass  wire.     At  the  extremity  of  the  boom 

*  Sitzun^b.  der  k.  bohm.  Ges.  der  Wissensch.  19  Marz,  1875. 

'  Nat.  Hist.  TranB.  Northumberland  and  Durham,  vol.  ill.  p.  310. 
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there  is  a  light  metal  plate  with  a  slit  in  it  parallel  to  the  length  of 
the  boom.  Underneath  this  floating  nliti  but  at  right  angles  to  it, 
there  ia  a  narrow  slit  in  the  top  of  a  box.  Light  passing  through 
the  two  alits  goes  into  the  box  as  a  point,  which  is  received  on  a 
drum  carrying  a  photographio  film.  These  instraments,  which  are 
uoally  arranged  in  pairs,  are  placed  to  point  N.W.  and  N.E.  or 
parallel  and  at  right  angles  to  the  strike  of  a  distant  range  of  hill. 
Two  have  been  used  at  Elamakara  on  the  solid  rock,  and  two  at 
Tokohama  and  one  at  Eanagawa  on  the  soft  tuff  rock,  lliese  instru- 
ments were  in  caves.  Also  I  have  had  two  underground  on  the 
alluvinm  and  one  at  my  house  on  a  solid  stone  column  in  Tokio. 
The  movements  recorded  have  been  as  follows : — 

1.  The  Wandering  of  Penduiuma* — All  the  horizontal  pendulums, 
wherever  situated,  have  slowly  wandered  from  their  normal  position. 
Those  situated  on  the  rock  have  often  gradually  moved  to  one  side 
and  then  returned,  the  double  excursion  usually  taking  from  two 
days  to  a  week.  These  wanderings  might  be  due  to  a  local  warping 
of  the  supporting  column ;  but  inasmuch  as  it  has  generally  happened 
that  the  periods  of  great  movement  and  of  comparative  rest  have 
coincided  in  time,  it  would  seem  that  the  movements  are  in  all 
probability  due  to  a  more  general  cause.  Because  certain  move- 
ments have  usually  been  marked  (but  by  no  means  always)  at  or 
after  a  rainfall,  it  seems  possible  that  they  may  be  conDected  with 
fluctuations  in  the  volume  and  flow  of  underground  water, — the 
pendulums  nearest  to  this  water  moving  the  most 

2.  Daily  Waves, — In  no  instance  have  I  observed  a  diurnal  move- 
ment of  the  pendulums  at  stations  situated  on  the  rock.  In  Tokio 
the  movements  occur  underground  and  on  the  surface ;  they  happen 
at  the  same  time  and  they  are  proportional  in  magnitude.  At  my 
house,  for  example,  at  about  10  a.m.  a  tilting  commences  on  the 
N.E.  side,  and  it  reaches  a  maximum  of  one  or  two  seconds  of  arc 
about  midnight,  when  a  sinking  takes  place  until  about  6  a.m.,  when 
the  pendulums  remain  fairly  steady  for  some  hours,  after  which  they 
again  commence  to  rise.  Because  it  was  observed  that  the  move- 
ments underground  were  greater  than  those  recorded  on  the  surface, 
it  seemed  possible  that  they  might  find  an  explanation  in  the  fact 
that  the  underground  instruments  were  nearer  to  pervious  strata  in 
which  water  fluctuated  than  the  instruments  installed  in  my  house. 
By  quickly  emptying  a  well  in  ray  garden  of  about  two  tons  of 
water  which  was  run  off  down  a  hill,  the  pendulum  on  a  column 
(104  feet  distant)  behaved  as  if  the  ground  had  been  relieved  of 
a  load  and  therefore  had  risen  on  the  well  side.  Because  the 
direction  of  movement  of  the  pendulums  underground  and  on  the 
Burfaoe  is  away  from  the  side  from  which  during  the  day  the  greatest 
load  is  being  removed  by  evaporation,  it  is  not  unlikely  that  the 
main  features  of  the  diurnal  wave  may  be  due  to  this  cause. 

3.  Earth  JPuhations  (Tremors). — In  Italy  I  understand  that  earth 
tremors  are  as  marked  underground  on  the  rock  as  they  are  on  the 
surface.  In  Japan,  on  three  underground  rock  foundations,  I  have 
not  observed  a  single  case  of  earth  tremors.    Both  underground  aud 
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on  the  surface  in  Tokio  they  are  marked,  lasting  many  hours.  As 
I  have  previously  spent  so  much  time  in  analysing  tremor  records, 
the  present  records  remain  untouched.  Tremors  occur  with  a  low 
harometer,  but  more  generally  when  there  is  a  steep  barometric 
gradient.  It  seems  possible  that  these  conditions  may  result  in 
giving  the  surface  of  the  ground  an  ocean  swell-like  motion  through 
the  agency  of  subterranean  water. 

4.  Earthquakes. — At  Eamakura,  on  the  hard  rock,  the  greatest 
earthquake  motion  has  been  given  by  the  pendulum  which  records 
tilting  parallel  to  the  dip,  suggesting  the  idea  that  in  this  direction 
there  is  an  easier  yielding  (like  the  opening  and  shutting  of  a 
concertina)  than  there  is  in  a  direction  parallel  to  the  strike.  On 
March  22,  I  and  my  colleague,  Mr.  C.  D.  West,  watched  an  earth- 
quake for  1  h.  47  m.,  during  which  time  the  pendulum  did  not 
swing,  but  was  forced  backwards  and  forwards  intermittently  and 
with  extreme  irregularity.  These  earthquakes  are  in  the  form  of 
f^rth  waves  and  usually  come  from  a  great  distance.  A  sharp  shock 
which  may  be  felt  throughout  Tokio,  and  at  many  places  in  the 
country,  does  not  disturb  the  pendulums,  and  it  is  difficult  to  find 
a  blurr  on  the  photographic  trace. 


I&  E  V  I  E  "V^  S- 

I. — GSOOBAPHIOAL  MoBPHOLOOT. 

MoRPHOLOOiB  DEB  Ekdobkrflaobb.    By  Dr.  Albkbt  Psnck,  Pro- 
fessor of  Geography  in  the  University  of  Vienna. 
Katzel*s     Bibliothjck     Gbogbaphischeb     Handbuoher.      J. 
Engelmann.      Stuttgart,    lb94.      8vo.      2   Vols.     Vol.   I.   pp. 
xiv.+471,  29  Figures.     Vol.  II.  pp.  X.+696,  38  Figures. 

AS  the  study  of  geography  must  have  commenced  unconsciously 
in  the  very  earliest  days  of  man's  existence  on  the  earth,  it  is 
not  surprising  that  this  science  long  ago  acquired  a  rigid  conservatism, 
and  lack  of  scientific  method,  and  a  burden  of  imperfectly  defined 
popular  terms.  In  England  descriptive  topographical  geography  is 
still  hampered  by  this  inheritance.  Abroad,  however,  more  scientific 
methods  have  been  rapidly  gaining  ground,  especially  in  Germany 
and  Austria,  and  in  the  United  States.  In  the  two  first  geography 
reached  its  highest  level  in  Richthofen*s  admirable  "Fiihrer  fiir 
Forschungsreisende  "  and  Suess*s  '*  Antlitz  der  Erde."  In  America 
the  writings  of  Gilbert  and  W.  M.  Davis  have  founded  a  school 
which  has  advanced  the  subject  with  great  energy.  The  works 
of  these  authors  are,  however,  bulky  and  scattered,  and  a  systematic 
text-book  of  orography  has  been  a  desideratum  for  some  time  past 
Dr.  Ratzel,  the  editor  of  the  well-known  "Bibliothek  Geographi sober 
Handbiicher,"  persuaded  Prof.  Penck  to  undertake  the  preparation 
of  one.  The  task  has,  however,  taken  more  than  ten  years  to  fulfil, 
for  the  literature  of  geodesy,  geography,  and  geology  have  had  to 
be  carefully  worked  through. 

The  book  consists  of  three  parts,  llie  first  deals  with  general 
morphology.  This  will  probably  be  of  most  interest  to  geologists, 
for  the  subject  is  barely  noticed  in  geological  text-books,  and  therd 
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11  no  EogliBh.  geographical  manaal  which  gives  it  adequate  notice. 
In  this  section  much  useful  information  is  given  in  a  concise  and 
limple  form,  upon  various  branches  of  geodesy,  which  can  elsewhere 
be  only  found  in  such  works  as  Otlnther's  G^physik  (1885),  or 
Handbuch  der  mathematischen  Gkographie  (1890).  Penck  gives 
the  latest  conclusions  upon  the  earth's  form,  and  the  methods  and 
remits  of  morphometry.  Thus  in  regard  to  the  former,  he  states 
that  the  question  of  the  amount  to  which  the  form  of  the  earth 
deviates  from  a  true  ellipsoid  of  revolution  is  now  reduced  to  from 
±.  200  to  ±  250  metres.  As  an  example  of  the  latter  may  be  noticed 
the  care  with  which  the  altitude  systems  adopted  by  different  countries 
in  Europe  are  tabulated  and  compared ;  some  of  these  are  based  on 
a  supposed  natural  line,  such  as  the  British  ''  sea-level,"  and  others 
on  a  reoognizedly  artificial  standard,  such  as  the  German  "  Normal 
NolL"  No  two  nations  adopt  the  same  standard :  thus  the  levels  in 
fielgium  are  all  8*39  m.  lower  than  in  Germany,  and  the  standard 
m  Ireland  is  more  than  7  feet  lower  than  tliat  of  Great  Britain. 
The  uncertainties  both  in  the  accepted  longitudes  and  altitudes  are 
dearly  pointed  out  Thus  we  are  warned  that  even  when  the  latter 
are  based  on  trigonometrical  observations  they  are  not  absolute; 
for  the  error  of  refraction  cannot  be  altogether  eliminated.  The 
considerable  amount  of  this  is  shown  by  two  cases  quoted :  thus 
Hartl  found  that  the  difference  of  altitude  of  two  points  28  kilometres 
apart,  varied  from  18*6  metres  at  5  a.m.  to  36*2  m.  at  10  a.m.  And 
Bauemfeind  found  that  the  difference  between  the  summit  of  the 
Dobra  and  the  Kapellenberge  in  Bavaria  increased  from  25  m.  at 
3  a.m.  to  35*6  m.  at  11  a.m. 

This  part  of  the  book  discusses  the  methods  and  formulsd  used  in 
the  determination  of  the  principal  measurements  of  the  earth's 
Burfaoe,  and  also  gives  the  results :  thus  there  are  tables  of  the  latest 
estimates  of  the  ratio  of  land  to  water,  the  area  and  cubic  contents 
of  the  different  continents  and  oceans,  the  lengths  of  coast-line, 
the  proportions  of  the  continents  at  given  distances  from  the  sea,  etc. 
Two  of  the  most  interesting  chapters  are  those  on  the  geographical 
homologies,  which  have  been  recently  so  graphically  illustrated  by 
Prof.  Lapworth,  and  that  on  the  question  of  the  permanence  of 
oceans  and  continents,  of  which  discussion  a  useful  bibliography  is 
given.  In  regard  to  the  latter  it  is  interesting  to  note  that  the 
author  fully  maintains  that  the  specific  gravity  of  the  earth  below 
the  oceans  is  greater  than  below  the  continents. 

In  the  second  part  of  the  work  the  surface  of  the  earth  is  described. 
It  is  regarded  as  made  up  of  a  number  of  "  land-forms,"  which  are 
grouped  into  eight  classes :  these  are  plains ;  heaped  up  masses,  such 
as  dunes  and  sinters ;  valleys ;  highlands  (thallandschaft)  or  the 
masses  cut  up  by  valleys,  including  plateaux,  and  some  types  of 
mountains ;  basins  or  "  wannen  "  ;  mountains ;  areas  of  subsidence  ; 
and  finally  caves  and  ravines.  The  agents  that  produce  and  mould 
these  various  forms  are  also  described.  This  part  of  the  work  is  of 
value  as  a  digest  of  the  classifications  and  literature  of  structural 
geography.     It  uses  throughout  the  terminology  of  Bichthofen  and 
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Sue88,  and  gives  many  diagrams  to  explain  that  of  the  latter.  The 
thorough  acquaintance  with  geographical  and  geological  literature, 
which  Prof.  Penck's  writings  always  show,  enables  him  to  treat  this 
part  of  the  subject  most  exhaustively  and  completely.  It  is,  more- 
over, surprisingly  well  up  to  date :  for  example,  Bertrand's  recent 
paper  contending  for  the  persistence  of  lines  of  dislocation  is 
noticed  (and  adversely  criticised),  and  Heim's  recent  description 
of  Pleistocene  earth  movements  in  the  Alps  is  included,  though 
these  and  others  were  issued  only  in  1894.  The  summaries  of 
literature  and  the  collections  of  local  geographical  terms  are 
extremely  useful.  In  most  things  the  author  is  very  advanced, 
but  in  glacial  matters  he  is  strongly  conservative :  he  attributes  to 
ice  great  erosive  power,  and  thinks  that  both  cirques  and  rook -basins 
have  been  formed  bv  it,  and  maintains  the  existence  and  action  of 
ground-moraines.  The  two  most  valuable  sections  in  ibis  part 
of  the  book  are  those  describing  the  distribution,  origin,  and 
classification  of  basins  and  mountains.  It  is  in  reference  to  these 
that  the  works  of  Suess  and  Hichthofen  have  had  the  greatest 
influence,  and  where  an  authoritative  statement  of  the  present 
position  of  the  subject  is  of  most  service.  The  origin  of  many 
of  the  greatest  basins  is  not  yet  fully  settled :  thus,  in  reference 
to  the  Caspian,  Sjogren's  recent  explanation  of  this  as  a  synclinal 
fold  disputes  Suess's  view  that  it  is  a  **  Senkungsfeld "  or  area*  of 
subsidence. 

The  last  part  of  the  book  is  entitled  **  The  Sea."  It  describes  the 
action  of  the  sea  by  coast  erosion,  tides,  and  currents,  and  by  floating 
ice;'  it  also  describes  the  formation  of  deltas,  mangrove  swamps^ 
and  coral  reefs ;  it  classifies  coast-lines,  and  shows  how  these  have 
varied  both  by  the  rising  or  falling  of  the  land  and  by  variation  in 
the  level  of  the  surface  of  the  sea.  Finally  comes  a  description  of 
the  sea-floor  and  a  classification  of  islands.  An  admirable  index 
of  authors  and  subjects  renders  the  vast  number  of  references  to 
literature  in  the  volumes  readily  accessible. 

The  work  is  not  one  which  can  be  easily  summarized,  for  it  is 
encyclopsddic  in  its  detailed  summary  of  facts  and  classification.  It 
is  a  book  of  reference  which  is  indispensable  in  every  geographical 
and  geological  library.  J.  W.  G. 

IL — Climbino  and  Explobations  in  the  Eabakobam-Himalayas. 
By  W.  M.  Conway.  Supplementary  volume  containing  Scientific 
Reports  by  Prof.  Bonnet,  Dr.  Butleb,  W.  M.  Conway,  W.  L. 
H.  DuoKwoBTH,  Lt-Col.  DuBAND,  W.  B.  Hemsley,  W.  F.  Eibby, 
Miss  Raisin,  and  Prof.  Roy.  8vo.  pp.  127,  with  Frontispiece 
Portrait  of  the  Author,  and  2  Coloured  Maps.  (London :  Fisher 
Unwin,  1894.) 

THIS  Supplement  to  Mr.  Conway's  Exploration  in  the  Himalayas, 
contains  the  scientific  results  of  his  expedition.  The  first  of 
these  is  an  account  of  the  Eastern  Hindu  Eush,  by  Lt-Col.  Durand, 
who  gives  an  interesting  account  of  the  people  of  this  country, 
especially  of  Chitral,  or  "the  land  of  mirth  and  murder/'  as  he 
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appTopriately  tennB  it  from  the  oustomB  of  these  people ;  an  instanoe 

of  whose  sangainary  praotices  we  have  reoently  seen  reoorded  Id  the 

daily  Press.     Following  this  we  find  a  list  of  measured  altitudes 

taken  by  means  of  a  barometer  up  to  22,600  feet,  the  two  higher 

ones  being  measured  by  a  Theodolite;  that  of  K.  2,  Mr.  Conway 

makes  to  be  27,750,  or  500  feet  lower  than  the  measurements  given 

in  the   Great  Trigonometrical  Survey  of  India.      These,  and   the 

two  very  ezoellent  ooloured  maps  with  their  desoription,  are  by 

Mr.  Conwayy  and  they  praotioally  represent  an  unexplored  country, 

as  previous  to  1892  this  region  had  only  been  roughly  sketched 

oat  by  Colonel  Godwin* Austen,  who,   in   1860-61,  examined  the 

lower  parts  of  the  glaciers,  and  marked  the  position  of  the  chief 

ridges ;  it  is  only  since  the  introduction  of  mountain-climbing  that 

the  details  of  these  large  glacial  areas  have  been  brought  to  light, 

ind  these  we  owe  to  Mr.  Conway's  indefatigable  energy. 

The  author's  work  was  not  solely  confined  to  the  production  of 
maps,  for  he  also  collected  numerous  rook-specimens  and  minerals, 
plants,  and  inseots :  these  have  been  identifieid  by  various  specialists, 
and  lists  are  printed  giving  the  names  of  the  specimens,  the  localities 
and  the  heights  where  they  were  obtained.  They  form  valuable 
records,  and  constitute  an  excellent  example  for  future  explorers. 

The  rocks,  eta,  have  been  examined  by  Professor .  Bon ney  and 
Hiss  Eaisin,  who  give  a  detaileil  account  of  the  various  specimens, 
which  consist  of  serpentines,  diorites,  and  schists,  several  of  which 
are  said  to  resemble  known  Alpine  rocks,  granites,  gneiss,  and 
felstones;  one  schist  in  particular  is  found  to  contain  a  new  form 
of  hydrous  biotite,  having  an  extra  large  percentage  of  lime.  The 
sedimentary  rocks  consist  of  limestones,  slates  of  possibly  Carbon- 
iferous age,  sandstones,  grits,  and  conglomerates,  bearing  some 
resemblance  to  the  older  Cambrian  rocks  of  Wales.  Among  the 
minerals  is  a  curious  jade-like  rock,  which  appears  from  its  structure 
and  analysis  to  be  new,  and  the  authors  regard  it  as  an  unusual 
mixture  of  certain  known  minerals. 

The  concluding  part  is  by  Professor  C.  S.  Roy,  and  contains  an 
interesting  account  of  mountain  sickness,  and  a  series  of  pulse- 
curves  taken  by  Mr.  Conway  at  different  elevations,  and  under  very 
varying  conditions,  which  are  all  carefully  recorded.  Although 
Professor  Roy  is  still  unable  to  come  to  any  definite  conclusion  as 
to  the  real  cause  of  the  pulse  variations,  and  whether  heart- failure 
is,  or  is  not,  essential  in  mountain  sickness,  still  these  notes  will 
be  very  useful  to  any  intending  mountain-climbers. 

III. — Ah  Intboduotion  to  Modern  Qkology.  By  R.  D.  Roberts, 
M.A.,  D.So.  8va  pp.  vii.  and  270,  with  9  Plates,  51  Figures  in 
the  text,  and  3  Tables.     (London  :  John  Murray.) 

THIS  little  book  forms  one  of  the  University  Extension  Series  of 
Manuals  intended  primarily  for  the  use  of  Students  attending 
the  lectures  connected  with  that  movement.  It  will,  however,  have 
a  much  wider  circulation,  as  it  is  admirably  suited  for  the  needs  of 
^J  student  commencing  the  study  of  geology,  and  the  presexLOA 
of  references  makes  it  Bervioeable  to  thoae  who  are  more  advaaxQ^^.. 


90  Jteporta  and  Proceedings'^ 

It  is  a  great  pity  that  the  author  found  it  necessary  to  change  the 
title,  as  the  adjective  in  the  present  one  is  very  aggressive. 

The  plan  adopted  in  treating  first  from  the  physical,  then  from 
the  structural,  and  finally  from  the  evolutionary  standpoint  of  the 
Earth's  crust,  is  an  admirable  one,  and  has  been  well  carried  out. 

The  author  very  wisely  confines  himself  as  far  as  possible  to  the 
geology  of  the  British  Isles ;  this  gives  the  book  a  special  value  to 
beginners  as  an  educational  work,  for  by  expounding  to  students 
the  features  of  their  own  country,  and  explaining  the  nature  of  the 
changes  which  have  gone  on,  or  are  still  in  progress  around  them, 
some  of  which  they  may  be  able  to  verify  for  themselves,  they  gain 
a  sounder  knowledge  of  the  subject  than  they  would  from  the 
description  of  the  more  striking  changes,  etc.,  which  might  be 
collected  from  abroad,  and  with  which  they  could  only  deal  on  paper. 

Still,  considering  the  small  sia^e  of  the  book,  it  is  a  little  ex- 
travagant to  devote  a  whole  chapter  to  the  volcanic  phenomena  of 
the  Island  of  Eigg,  but,  on  the  whole,  the  problems  visible  there,  and 
the  conclusions  deduced  from  them,  form  an  excellent  lesson  to  the 
student  of  what  may  be  done  in  reconstructive  geology. 

The  matter  in  the  chapter  on  deep-sea  deposits  might  well  have 
been  expanded  at  the  expense  of  three  of  the  illusti-ations,  for  we 
find  two  whole  pages  devoted  to  two  views  of  Brooke's  deep-sea 
Bounding  apparatus,  and  one  to  a  beautiful  figure  of  a  Qlohigerina^ 
the  latter  being  the  only  organism  figured  from  these  deposits,  the 
characters  of  the  remaining  organisms  being  left  wholly  to  the 
imagination  of  the  reader;  in  several  cases  the  bare  name  only 
being  given,  without  any  reference  to  its  nature  or  to  what  group 
the  organism  belongs. 

The  descnption  of  the  hard  parts  of  a  coral  as  an  internal  skeleton 
is  hardly  worthy  of  a  "  modem  "  book,  considering  that  it  has  been 
known  for  about  ten  years  to  be  a  secretion  of  the  ectoderm  and 
therefore  a  morphological  exoskeleton.  Also  the  definition  of  the 
animal  of  Qlobigerina  as  a  speck  of  protoplasm  which  has  no  parts 
or  organs  of  any  kind  is  hardly  in  keeping  with  the  otherwise 
up-to-date  nature  of  the  book. 

The  illustrations,  though  in  some  instances  a  little  lavish,  are  very 
good,  and  many  quite  new,  the  coloured  maps  being  especially  fine. 


Geolooioal  Sooibtt  of  London. 

December  19th,  1894.— Dr.  Henry  Woodward,  F.R.S.,  President, 
in  the  Chair.     The  following  communications  were  read  :  — 

1.  **The  Lower  Greensand  above  the  Atherfield  Clay  of  East 
Surrey."     By  Thomas  Leighton,  Esq.,  F.G.S. 

This  paper  embodies  the  results  of  the  author's  examination  of 
the  Lower  Greensand  of  East  Surrey  during  the  three  years  1892-94; 
und  it  is  stated  that  two  papers  published  by  the  Geologists'  Asso- 
ciation (vol.  xiii.  pp.  4  and  163)  are  to  be  taken  as  introductory  to 
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this  cme.  The  area  disotused  in  this  paper  extends  from  Leith  Hill 
mthe  weat  to  Tilborstow  Hill  in  the  east;  and  the  divisions  of  the 
Lower  Greenaand  chiefly  referred  to,  are  those  hitherto  known  as 
the  Bargate»  Sandgate,  and  Hy  the  Beds.  The  author  states  that  the 
Lower  Greenaand  of  East  Surrey  shows  that  formation  to  oonsist  of 
beds  depoatted  in  a  marine  estuary  or  narrow  sea,  not  far  from  land 
ind  wiibin  the  inflaenoe  of  strong  currents,  extending  generally 
from  N.W.  io  8.E.,  so  that,  without  paladontolog^cal  evidence,  no 
oorrelation  of  beds  here  with  those  exposed  at  Sandgate  and  at 
Hythe  is  possible.  He  arrives  at  this  conclusion  by  following  the 
outcrop  of  the  various  chert-beds,  which,  after  Dr.  O.  J.  Hinde 
(PhiL  Trans.  Boy.  Soa  voL  dxxvL  1885),  are  accepted  as  of  sponge 
origin  (deep-water  deposits),  and  further  by  following  the  outcrop 
of  the  pebble-beds,  described  by  Mr.  C.  J.  A.  Meyer  (Obol.  Maq. 
for  1886,  p.  15). 

In  Part  1  of  the  paper  the  author  discusses  the  district  to  the 
west  of  the  Mole,  and  endeavours  to  show  that  the  view  set  forth 
in  the  Weald  Memoir  of  the  Greological  Survey,  to  the  e£fect  that 
between  Dorking  and  Leith  Hill  the  lower  horiaons  of  the  Lower 
Greensand  undergo  a  change  in  composition,  although  possibly 
verbally  correct,  is  geologically  incorrect,  since  the  lithological 
change  is  from  south  to  north,  from  beds  laid  down  in  deep  water 
to  beds  laid  down  in  shallow  water.  In  his  communication  to  the 
Geologists'  Association  of  last  year,  the  author  showed  that  the 
pebble-bed  at  the  base  of  the  Folkestone  Sands  was  at  Abinger 
intimately  associated  with  the  Bargate  Beds ;  and  he  now  states 
that  he  has  identified  this  pebble-bed  in  the  Dorking-Horsham  road 
section,  described  by  Prof.  G.  S.  Boulger  and  himself  in  1892,  and 
at  two  other  places  to  the  east  The  drifts  of  the  same  neighbour- 
hood are  then  discussed,  and  it  is  found  that  at  the  top  of  and  on 
both  sides  of  the  Lower  Greensand  escarpment,  which,  as  stated  by 
the  Geological  Survey,  is  here  sandy  throughout,  there  are  gravels 
obviously  deposited  by  a  considerable  stream  consisting  chiefly  of 
Lower  Greensand  chert  (entirely  of  Lower  Greensand  material) 
with,  amongst  the  rougher  material,  lenticular  beds  of  fine  pebbles 
composed  chiefly  of  debris  from  the  Bargate  Beds.  Fragments  of 
Lower  Greensand  chert  have  been  obtained  from  the  alluvium  or 
from  the  beds  of  the  streams  now  draining  the  Weald  area  to  the 
iouth  of  Dorking.  The  soil  over  the  Weald  Clay  as  far  south 
as  Holm  wood  Common  has  everywhere  yielded  to  the  author 
fragments  of  the  same  chert.  Hence  it  is  argued  that  the  chert- 
beds  now  seen  npon  Leith  Hill  to  the  west  formerly  existed  over 
the  Weald  to  the  south  of  Dorking,  and  that  the  fragments  now 
lying  about  the  surface  have  been  left  by  denudation,  as  described 
by  Dr.  G.  J.  Hinde  (op.  eiL).  Since,  however,  as  has  been  stated, 
the  present  Lower  Greensand  escarpment  to  the  north  consists 
of  "  sandy  beds  "  only,  there  must  be  a  lithological  change  from 
•OQth  to  north  (deep-water  beds  to  shallow). 

Part  2  of  the  paper  is  devoted  to  the  district  east  of  the  Mole. 
Where  the  escarpment  rises  above  the  alluvium  of  the  nver  the 
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author  finds  the  Bargate  Beds  with  pebbles  (at  Park  Hill,  Reigate) 
separated  from  the  Folkestone  Sands  only  by  a  thin  bed  of  Fuller's 
Earth  and  a  layer  of  sandy  chert.  The  section  is  now  first  described ; 
the  dip  has  been  observed  and  proved,  and  by  measurement  this 
pebble-bed  is  shown  to  lie  at  approximately  the  same  horizon  above 
the  Atherfield  Clay  as  when  it  was  last  seen  west  of  the  Mole. 
From  Beigate  eastwards  to  Tilburstow  Hill  the  same  beds  are  seen 
in  the  numerous  hollow  lanes  and  pit-sections.  The  pebble-beds  are 
found  approximately  on  a  definite  horizon ;  but  whilst  they  become 
of  less  importance  eastward,  the  overlying  cherts,  first  seen  at 
Beigate,  become  of  greater  importance  in  that  direction.  The  thin 
bed  of  Fuller's  Earth,  also  first  seen  at  Beigate,  thickens  to  the 
east  likewise. 

2.  **  On  the  Eastern  Limits  of  the  Yorkshire  and  Derbyshire  or 
Midland  Coalfield."  *     By  W.  S.  Gresley,  Esq.,  F.G.S. 

The  author  attempts  to  throw  light  on  the  question  of  the 
easterly  extension  of  the  Yorkshire,  Derbyshire,  and  Nottingham- 
shire coalfield  beneath  the  newer  rocks.  He  notices  the  general 
trend  of  the  strata,  the  sizes  of  other  British  coalfields,  the  question 
of  the  origin  of  mountains,  stratigraphical  considerations,  and  the 
faults  of  the  North  of  England.  His  object  is  rather  to  suggest 
what  he  believes  to  be  novel  ways  of  treating  the  subject  than 
of  reaching  conclusions  or  locating  limits. 

3.  *'  On  some  Phases  of  the  Structure  and  Peculiarities  of  the  Iron 
Ores  of  the  Lake  Superior  Begion."    By  W.  S.  Gresley,  Esq.,  F.G.S. 

The  author  has  been  studying  heaps  of  ore  brought  from  the 
region  lying  south-west  of  Lake  Superior  since  1890.  He  describes 
certain  structural  features  of  the  ore-fragments,  and  discusses  the 
evidences  of  mechanical  movements  and  chemical  alteration  exhibited 
by  these  fragments. 

THE  GEOLOGICAL  AGE  OF  THE  ROCKS  OF  CHARNWOOD  FOREST. 

SiB, — As  some  uncertainty  seems  to  hang  about  the  origin  of  the 
name  "Cambrian"  as  applied  to  the  rocks  of  Chamwood  Forest, 
will  you  allow  me  to  make  a  short  statement  on  the  subject 

Having  had  occasion  recently  to  refer  to  the  Survey  Memoir 
''On  the  Geology  of  the  Leicestershire  Coalfield,"  published  in 
1860,  for  another  purpose,  I  turned  to  the  passage  dealing  with 
the  Chamwood  Forest  rocks ;  and  as  regards  the  origin  of  the  name 
** Cambrian"  as  applied  to  them  by  the  Survey,  I  thus  wrote  (p.  11): 
'*  In  the  absence  of  organic  remains,  these  rocks  have  been  referred 
by  Professor  Sedgwick  and  Mr.  Jukes  to  the  Cambrian  period; 
amongst  other  reasons,  from  their  resemblance  to  the  rocks  of  this 
age  in  Wales.     They  have  been  described  in  detail  by  Mr.  Jukes,' 

^  See  also  a  paper  on  the  same  subject  by  Mr.  Arnold  Lupton,  entitled  *'  On  tiie 
Geology  of  the  West  Yorkshire  Coalfield**  (Trans.  Federated  Inst.  Mining  Engineers, 
vol.  vii.  pt.  1,  p.  137). 

'  Geology  of  Chamwood  Forest,  appended  to  Mr.  Forter^s  History  of  Chamwood 
Forest. 
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nd  the  Geolo^oal  Survey  of  the  range  has  been  ezeouted  by  my 
oolleagae  Mr.  H.  H.  Howell." 

From  this  it  will  be  seen  that  the  age  of  these  rooks  was 
determined  by  no  less  an  authority  than  Professor  Sedgwiok,  the 
{Minder  of  the  Cambrian  system  in  Wales,  supported  by  his  friend 
And  pupil  Professor  Jukes,  and  the  ground  of  this  determination  is 
the  resemblanoe  of  the  Forest  beds  to  the  Cambrian  beds  of  North 
Wales.  Who  amongst  men  should  have  been  better  able  to  recognize 
this  resemblanoe  than  the  distinguished  founder  of  the  Cambrian 
lyitem?  Nor  was  the  opinion  of  Professor  Jukes  less  entitled  to 
weight,  as  Jakes  spent  several  years  of  his  Survey  life  amongst  the 
old  rocks  of  North  Wales.  For  six  months  of  my  own  Survey  life 
I  was  his  companion  and  pupil  in  the  same  region ;  and  when  a  few 
years  afterwards  I  had  opportunities  of  examining  the  rooks  of 
Cham  wood  Forest  I  was  able  to  reoognise  the  similarity  of  physical 
character,  npon  which  Sedgwick  and  Jukes  to  a  great  degree  relied 
in  determining  the  geological  age  of  the  rocks ;  nor,  notwithstanding 
what  has  been  written  by  more  recent  authors,  am  I  able  to  see 
good  reason  to  alter  the  opinion  I  then  held. 

On  reading  over  again  the  brief  description  of  these  rocks  (as  far 
as  regards  their  non-plutonic  masses),  written  at  a  time  when  their 
characters  were  vividly  impressed  on  my  mind,  and  when  there  was 
no  dispute  regarding  their  age,  I  see  how  similar  is  the  description 
to  one  which  might  be  applied  to  the  Lower  Cambrian  beds  of 
Merionethshire.  '*Cro8ping  the  axis  we  find  the  beds  as  far  as 
Upper  Black  Brook,  consisting  of  bluish-purple  and  green  slates, 
of  a  coarse  character,  alternating  with  fine  grits."  The  eruptive 
masses  are  then  described,  and  their  resemblanoe  to  the  contem- 
poraneous and  intrusive  masses  of  North  Wales  is  pointed  out 
(p.  12).  Since  these  words  were  written  much  new  light  has  been 
thrown  on  the  composition  and  structure  of  the  igneous  masses  by 
Professor  Bonney  and  other  petrologists.  In  1860,  the  application 
of  the  microscope  to  thin  sections  of  rock  was  scarcely  begun ;  but 
the  determination  of  the  geological  age  of  the  whole  series  of  the 
Cham  wood  rocks  is  not  affected  by  microscopic  definitions  of  the 
eruptive  beds. 

1  have  still  much  hope  that  fossils  may  yet  be  discovered  in 
these  old  rocks.  After  the  discovery  of  a  Trilobite  in  the  slates 
of  Llanberis  no  one  need  despair;  and  any  young  geologist  who 
desires  to  break  fresh  ground  and  win  his  spurs  would  do  well  to 
tarn  his  attention  to  the  slates  of  Charnwood  Forest. 

Edward  Hull. 

THE  MAKING  OF  MOUNTAINS— A  REPLY  TO  MR.  MELLARD  READE. 

Sib, — May  I  ask  you  to  allow  me  space  to  answer,  as  briefly  as 
possible,  a  letter,  in  the  Gkologigal  Magazine  for  December,  1894, 
in  which  31  r.  Beade  attacks  my  theory  on  the  making  of  mountains. 

I  must  in  the  first  place  object  to  a  statement  implying  that 
I  have,  to  a  certain  extent,  changed  front.  Mr.  Reade  remarks : 
**}1t,  Vaii^hnn  novo  says,  that  he  does  not  rely  upon  decreaa^  ol 
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volume  due  to  pressare,  but  upon  the  trauBferenoe  of  material,"  etc. 
I  never  did  rely  on  decrense  of  volume,  as  Mr.  Reade  will  see  if  he 
readn  my  original  article  more  carefully,  whereas,  again  and  again, 
I  insisted  upon  the  main  principle  of  transference  of  materiid. 

Further  on  I  read,  that  Mr.  Reade  has  found  out  that  the 
maximum  elevation  which  could  possibly  be  produced,  according 
to  my  theory,  is  1000  feet  Absurd  though  I  believe  this  result  to  be, 
from  my  own  calculations,  I  shall  be  most  grateful  if  he  will  indicate 
his  method  of  analysis,  as  the  problem  seems  to  present  exceptional 
mathematical  difficulties.  Looking  at  the  question  in  its  simplest 
aspect  the  analysis  employed  must  take  account  of  each  of  the 
following  phenomena : — 

(1)  The  gradual  contraction  of  a  spherical  cap  with  the  consequent 
production  of  tension  at  its  boundaries  and  frictional  stress  beneath. 

(2)  The  inbending  of  the  crust,  and  consequent  outshear  of 
material  from  beneath,  with  the  necessary  production  of  frictional 
stress.  For  this  outsheared  material  must  set  up  tensions  and  com- 
pressions in  the  superincumbent  crust;  the  tensions  being  directed 
from  the  centre  of  the  area  outwards,  and  the  compressions  pro* 
ducing  folding  and  ridging,  principally  at  the  boundaries,  in  the 
regions  immediately  preceding  those  of  upheaval. 

(3)  The  rate  of  contraction  beneath  the  area,  which  will  neces- 
sarily be  made  more  rapid  by  the  extension  of  material,  and  the 
consequent  exposure  of  hotter  layers  to  the  cooling  influence. 

In  fact,  we  have  to  deal  with  elevation  due  to  distortion  of  the 
inner  nucleus,  and  this  cannot  be  limited  to  the  amount  by  which 
the  suboceanic  shell  can  contract;  for  the  viscous  stresses  due  to 
outshear  of  subjacent  material  will  compress  the  bounding  parts  of 
the  area  into  folds  and  ridges.  The  only  rough  limit  which  can  be 
assigned  is,  that  the  volume  of  the  elevations  above  sea-level  cannot 
exceed  the  volume  of  the  ocean. 

Another  objection  which  my  critic  urges  is  that,  since  my  theory 
demands  that  the  surrounding  continental  crust  should  yield  to  the 
intrusion  of  rock  underneath,  the  area  could  not  bend  inwards, 
because  it  has  no  anchorage.  Here  he  has  totally  neglected  the 
friction  beneath  the  sinking  area,  arising  from  the  outshear  of 
material,  which  it  seems  to  me  will  be  powerful  enough,  not  only  to 
hold  the  area,  but  to  fold  and  ridge  its  boundaries. 

Lastly,  Mr.  Reade  seems  to  argue  that,  granted  the  anchorage, 
the  tension  of  rock  would  not  be  sufficient  to  allow  of  enough 
pressure  to  produce  any  tending  inwards.  In  this  reasoning  be 
has  entirely  omitted  the  vastly  important  time  factor ;  for,  in 
reasoning  on  all  geological  phenomena,  the  length  of  time  available 
is  the  most  important  point  in  the  problem ;  since  there  are  few 
geologists  who  will  not  grant  that  the  making  of  a  mountain  range 
is  spread  over  a  vast  number  of  years. 

Now,  it  is  well  known  that  any  practically  solid  body,  acted  upon 

by  differential  stresses,  however  small,  will  yield  to  their  influence, 

if  the  time  be  sufficiently  prolonged.     Hence  there  is  no  need  for 

the  tension  to  exceed  or  even  approach  the  breaking  tension  of  steeL 
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To  illuBtrate  the  great  importance  of  the  time  factor,  I  will  assume 
the  extreme  case,  that  entire  rupture  is  immediately  produced  all 
roond  an  isolated  snbooeanic  area,  in  spite  of  the  natural  efifeot  of 
the  yisooas  friction  beneath.  The  mechanical  problem  is  then 
lednoed  to  the  following:  An  inner  nucleus  of  highly  heated 
material  is  sarrounded  by  a  spherical  shell  of  rook.  From  this 
outer  shell  a  spherical  cap  is  cut  out,  reduced  in  area,  and  replaced, 
80  that  it  does  not  quite  fit  and  is  in  consequence  entirely  separated 
from  the  rest  of  the  shell ;  every  particle  of  shell  and  cap  being 
inbjeoted  to  the  attraction  of  gravity  tending  towards  the  centre 
of  the  sphere. 

The  forces  acting  upon  the  non-fitting  cap  are  simply  its  weight 
and  the  pressure  of  the  subjacent  nucleus ;  and  it  is  to  be  noticed 
that,  in  the  actual  case,  the  weight  of  the  suboceanic  crust  is  almost 
certainly  greater  than  that  of  the  continental  (see  Pratt,  '*  Figure 
of  the  Earth  "). 

In  the  case  of  any  portion  of  the  rest  of  the  shell  the  forces  are : 
weight,  resistance  of  nucleus,  together  with  the  supporting  com- 
pression at  its  boundaries,  arising  from  the  fact  that  the  area  forms 
part  of  a  continuous  shell. 

Hence  the  pressure  on  the  nucleus  will  be  greater  under  the 
anbooeanic  than  under  the  continental  crust.  Thus,  remembering 
that  there  is  practically  no  limit  to  the  time  factor,  transfer  of 
material  will  take  place  slowly  from  beneath  the  oceanic  to  beneath 
the  continental  regions,  and  this  the  more  easily  on  account  of  the 
high  temperature  at  which  the  subjacent  rocks  exist. 

I  believe  that  I  have  now  answered  Mr.  Reade*s  objections,  which 
seem  to  me  somewhat  hastily  conceived  and  dogmatically  expressed  ; 
but  I  must  confess  to  being  unable  to  understand  bow  the  last 
sentence  in  his  letter  has  any  bearing  on  the  points  at  issue.  He 
says,  alluding  to  my  theory  :  '*  It  seems  to  me  very  like  the  case 
of  a  man  trying  to  lift  himself  up  by  pulling  at  the  chair  he  is 
sitting  upon."  I  cannot  answer  this  objection,  because  I  cannot 
imagine  which  is  the  man,  nor  which  the  chair  beneath  him  ;  nor 
can  I  see  how  one  is  attempting  to  pull  the  other.  As  Mr.  Eeade 
has  never  made  any  reply  to  my  criticism  of  the  theory  which  he 
advocates,  may  I  definitely  ask  him  how  he  explains  the  under- 
mentioned geological  facts  ? 

It  is  well  known  that,  during  many  periods,  great  thickness  of 
sediment  have  continuously  accumulated,  every  part  of  which  must 
have  been  laid  down  in  shallow  water ;  and  that  contemporaneously 
the  area  of  denudation  has  been  rising. 

Does  it  not  follow  that,  if  two  miles  (say)  of  rock  has  been 
deposited  continuously  under  shallow-water  conditions,  that  the  sea- 
flow  must  have  been  depressed  through  that  distance,  and  that, 
consequently,  an  equivalent  amount  of  subjacent  rock  has  been 
squeezed  out?  I  entirely  fail  to  see  how  this  is  in  accordance 
with  Mr.  Reade's  theory,  that,  as  sediment  accumulates,  the  area 
of  sedimentation  rises ;  for,  considering  the  slow  rate  at  which 
deposition  goes  on,  the  elevational  effects  (if  any)  due  to  accesaion 
of  heat  must  be  contemporaneous  with  sedimentation. 
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Again,  referriDg  to  the  Himalayas  and  the  plains  sonth  of  that 
range,  Mr.  Osmond  Fisher  says  (Gh.  x.,  "Physics  of  the  Earth's 
Crust) :  ''  The  conolnsion  seems  irresistible  that,  corresponding  to 
the  long  though  occasionally  interrupted  depression  of  the  plains, 
a  correlative  elevation  of  the  great  range,  which  has  supplied  the 
deposits,  has  been  going  on."  This  seems  to  me  totally  at  variance 
with  Mr.  Beade's  theory  of  contraction  by  denudation. 

9,  PncB&oKs  Valb,  Clifton.  Abthub  Yaughan. 


PROFESSOR    ALLEN    MARKER,    F.L.S. 

BoRK  1848.  DiBD  DBCBXBS&  19th,  1894. 

Bt  the  early  death  of  Allen  Harker,  the  Royal  Agricultural  College 
at  Cirencester  has  lost  one  of  its  most  active  and  popular  Professors. 
Appointed  in  succession  to  Dr.  Fream,  in  August,  1881,  Prof.  Barker 
soon  gained  the  esteem  and  afifection  of  all  his  students  by  his 
admirable  courses  of  instruction,  both  in  the  field  and  in  the  lecture- 
room,  and  by  his  genial  character.  It  is  no  easy  task  now-a-days  to 
teach  Botany,  Zoology,  and  Geology ;  and  even  when  lessons  are 
restricted  to  their  special  applications  to  Agriculture,  the  work  of 
the  Professor  is  necessarily  of  an  arduous  nature.  Prof.  Harker, 
however,  carried  on  his  labours  with  much  enthusiasm,  and  devoted 
all  the  time  he  could  to  researches  on  those  subjects  with  which  he 
had  to  deal  in  his  lectures.  He  made  known,  through  the  Proceed* 
ings  of  the  Cotteswold  Club,  of  which  he  was  an  active  member, 
many  new  facts  in  the  local  geology.  He  first  drew  attention  to  the 
fine  exposure  of  the  Eellaways  Beds  in  a  new  railway  cutting  at 
South  Cerney,  where  many  large  ''doggers"  or  concretions  of 
calcareous  sandstone  were  opened  up,  and  where  a  number  of  fossils 
were  obtained.  Other  sections  of  Combrash,  Forest  Marble,  and 
Great  Oolite  displayed  in  cuttings  along  the  same  railway  between 
Cirencester  and  Chedworth,  were  also  described  by  Prof.  Harker, 
and  he  discovered  in  the  Great  Oolite  traces  of  the  organism 
determined  to  be  Solenopora  by  Prof.  H.  A.  Nicholson,  and  sub- 
sequently described  as  8.  juraaaica  by  Dr.  Alexander  Brown.' 

In  Cirencester  itself  the  records  of  various  well-borings  occupied 
Prof.  Barker's  attention,  and  he  was  enabled  by  the  account  of  the 
strata  and  their  fossils,  to  determine  the  presence  of  a  small  faulted 
tract  of  Oxford  Clay  and  Eellaways  Beds  that  had  previously  escaped 
notice. 

When,  in  1887,  during  the  Presidency  of  Mr.  F.  W.  Kudler,  the 
Geologists'  Association  paid  a  visit  to  Cirencester  and  its  neighbour* 
hood.  Prof.  Harker  acted  as  guide  in  the  excursions  made  to  Birdlip, 
to  the  Royal  Agricultural  College,  and  to  South  Cerney. 

He  died,  after  a  painful  illness,  on  December  19th,  1894,  aged  46. 

*  See  Harker,  Proc.  Cotteswold  Club,  vol.  x.  p.  89 ;  H.  B.  Woodward,  Memoir 
OB  the  Lower  Oolitic  Bocks  of  England,  p.  290 ;  and  Brown,  Gbol.  Mao.  I>ee.  IT. 
Vol  L  1894,  p.  loO. 
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I.— On  a   Collsotion  of  Fossils   from  thk  Lower  Orbbksamd 

OF  Qreat  Chart,  in  Kent. 

By  J.  W.  Orboort,  D.Sc.,  F.G.S.  ; 
of  the  British  Museum  (Natural  History). 

1.  The  Lower  Greensand  of  Great  Chart. 

2.  List  of  the  Fossils. 

3.  Affinities  of  the  Fauna. 

4.  The  Talue  of  the  Sandgate  Fauna. 

6.  The  Synchronism  of  parts  of  the  Ganlt  and  the  Lower  Greensand. 

I.  The  Lower  Greensand  of  Great  Chart. 

THE  rarity  and  imperfect  preservation  of  the  fossils  in  the  upper 
part  of  the  Lower  Greensand,  in  the  south-east  of  England, 
has  always  added  considerably  to  the  difficulties  in  the  study  of  that 
series.     The  Atherfield  Clay  and  the  Hythe  Beds  both  have  well- 
marked    faunas,  though  fossils   are   often    absent   from    the   latter. 
The  palsBontological  evidence  is,  however,  much  less  satisfactory  in 
the  case  of  the  two  uppermost  of  the  four  divisions  into  which  the 
Lower  Greensand   is  usually   divided.      A  fair   number  of  fossils 
occurs  in  these  at  Folkestone,  but  further  to  the  west  the  lithological 
nature  of  the  beds  changes,  and  fossils  are  found  in  but  few  localities. 
In  the  "Geology  of  the  Weald"   Mr.  Topley  recorded  (p.  129) 
11  species  from  a  quarry  at  Great  Chart,  near  Ashford.    The  horizon 
was  assigned  to  that  of  the  Sandgate  Beds  because  the  fossils  occur 
overlying  the  Kentish  Rag,  or  limestones  of  the  Hythe  sta^e.     As 
this    is    the    westernmost    point    in    Kent    at    which    fossiliferous 
repreisentatives  of  the  Sandgate  Beds  are  said  to  occur,  the  locality 
is  an  important  one.     I  therefore  made  a  collection  of  its  fossils 
in  the  winter  of  1889-1890,  both  in  order  that  the  fauna  might  be 
represented  in  the  British  Museum  Collection,  and  in  the  hope  of 
getting  more   information  as   to  the  palaeontological   value  of  the 
Sanilgate  Beds.     The  fossils  occur  mainly  as  internal  casts;    their 
identification  is  accordingly  difficult  and  unsatisfactory ;   but  as  the 
collection  includes  over  140  specimens,  it  has  been  possible  to  fit 
together  the  evidence  of  several  specimens  of  the  same  species,  and 
thiiR  to  determine  the  most  important  characters. 

The  quarry  from  which  the  fossils  have  come  is  situated  a  little 
to  the  south  of  an  old  moated  house — Singleton  Manor.  The 
workings  are  carried  on  for  the  Kentish  Hag,  of  which  30  feet  are 
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shown  in  the  section.     The  hassock  which  separates  the  rag  is  more 
argillaceous  than  is  usually  the  case.    The  section  is  as  follows : — 

Soil. 

Oreen  sandy  clay. 

Layer  of  phosphatic  nodules,  with  fossiU 

Broken  rag  with  many  £j?o^yra  CoM/oni       2 A 

-  -  _        -  ^g 


Kentish  Bag  and  Hassock 


Ifoot. 
2|  feet. 
30  feet. 


Species. 
Serpula  /iliformis 


II.  List  of  Fossils. 

Author. 
Yb&mbs. 

.     .     Sow. 


Bange  in  Time. 


Tereiratula  teUa    .     . 
Waldheimia  Wanklyni 
Terebratella  Fiitoni    . 
*RhynehoneHa  ndeqta, 
• Oibbsiana 


Exogyra  CouUmi    . 
[Syn.  Exogyra  tinuata . 
*yinthea  quinqueeotiata 
^Oervillia  aneept 

Jdonearea  glabra    . 

fubnana 

Nueula  alhenns 
^Trigonia  aliformis 

omata   . 

.  Astarte  allobrogensit 

Aretiea  angulata   . 

Ventu  vassaieensu . 

parva     . 

. galdrina 

' Orbignyana 

Thetis  Udvigata 

ThraeiOy  an.  simplex 
*Areomya  p  Heat  a   . 
• neoeomimsit 


Brachiopoda. 
.     Sow. 
.    Walker 
.    Meyer   . 

.     (Park.). 
.     (Sow.)  . 

Lambllibrancuiata 

.     (Defr.)  .     .     . 

Sow.  non  Lam.] 

(Sow.)  . 
.  Uesii.  ... 
.  (Park.)  .  .  . 
.  (Pict.  and  Bi.) 
.  D'Orb.  .  .  . 
.  Park.  .  .  . 
.  D'Orb.  .  .  . 
.    Pict.  and  Camp. 

(Sow.)  . 
.  D*Orb.  .  .  . 
.  J.  de  C.  Sow. . 
.  D'Orb. .  .  . 
.  Forbes  .  .  . 
.  (Sow.)  .  .  . 
.  (D*Orb.)  .  . 
.  (Sow.)  .  .  . 
.     (Leym.)      .     . 

Gasteropoda. 

.    D'Orb. .     .     . 

.     (Dash.).     .     . 


Neoc.t  Apt.  Git. 

Apt. 

Apt. 

Apt.  Git. 

Apt.  Git.  Cenom. 


Apt. 


Apt.  Git.  Cenom. 

Bh.  Apt. 

Up.  Apt.  Low.  Git. 

Low.  and  Mid.  Git. 

Mid.  Git. 

Apt.  Git.  Up.  G.  S.t 

Urg.  Neoc.  Apt. 

Low.  Git. 

Up.  Apt.  Low.  Git. 

Low.  Apt. 

Apt. 

Neoc.  Apt. 

Low.  Apt. 

Apt. 

Low.  Git. 

Apt. 

Urg.  Neoc.  Apt. 


Natiea  Hugardiana?       .     .     .    D*Orb Neoc. 

buliminoidet?      .     .     .     (Dash.) Neoc. 

•  Species  accepted  on  Mr.  Topley's  authority. 

t  Urg.  =  Urgovian ;  Neoc.  =  Neocomian ;  Kh.  =  Bhodanian ;  Apt.  &=  Aptian ;  Git. 
cGault;  Cenom.  BGenomanian;  Up.  G.  S.  =  Upper  Greensand. 

X  The  Upper  Greensand  is  used  in  this  case  instead  of  the  Cenomanian,  for  the 
horizon  at  Biackdown,  at  which  this  fossil  occurs,  is  probably  the  equiyalent  of  the 
Ganlt  and  not  of  the  true  Cenomanian. 

in.  The  Appinities  of  the  Fauna. 

Mr.  Topley  recorded  11  species,  of  which  Serpula  JUtformta  is  a 
useless  worm-tube,  and  two  are  excluded  from  the  above  list  owing 
to  doubt  as  to  the  correctness  of  tbeir  identification.  These  ars 
Exogyra  conica,  a  record  which  was  probably  based  on  a  young 
E,  CouZont  and  Terehraiula  ohlonga,  vrhxch  probably  ought  to  have  been 
identified  as  Terebratella  Fittoni ;  these  two  Brachiopods  often,  when 
badly  preserved,  resemble  one  another  somewhat  closely.     Mr. 
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Bather  has  kindly  examined  my  specimens  with  care,  and  determined 
them  all  to  be  T.  FiiUmi. 

The  above  list,  therefore,  adds  15  species  to  the  faana:  these  are 
of  interest  as  they  are  forms  with  a  more  restricted  distribution  than 
the  11  valid  species  in  Mr.  Topley*s  list.  The  following  table  shows 
the  affinities  of  the  species : — 

Species  confined  to  Xeoeomian      2  (both  doubtful) 

ff  ff  ApvlaU         tm»        •••        •••        •••        •••        O 

ff  ))  vJfUlllV  •••        •••        ••.        (••        .((       % 

„     ranging  from  Urgovian  to  Aptian    2 

,,  ,,  Neocomian  to  Aptian 1 

,,  f,  M  Gault    1 

,,  „  Aptian  to  Gault    3 

,,  ,,            Aptian  to  Upper  Greensand  ..  3 

This  summary  clearly  shows  that  the  affinities  of  this  fauna  are 
with  the  Aptian  or  Gault ;  for  of  the  24  species  included,  18  occur 
in  the  former,  and  11  in  the  latter,  while  15  are  confined  to  the  two 
stages.  Two  species  occur  only  in  the  Neocomian,  but  they  are 
hased  only  on  internal  casts  of  univalves,  and  their  evidence  is  of 
little  value.  The  affinity  is  closest  with  the  Aptian,  but  the  fact 
that  11  species  are  present  which  occur  in  the  Gault  and  that  three 
range  into  the  Upper  Greensand,  point  to  the  fauna  being  high  up 
in  the  Aptian  stage. 

This  is  in  full  agreement  with  the  stratigraphical  evidence;  for 
the  bed  overlies  the  Kentish  Rap;,  and  occurs  below  the  Gault,  though 
the  direct  superposition  of  the  latter  is  not  shown  in  the  section. 

IV.   Tn«  Value  op  the  Sandgate  Fauna. 

The  fauna  having  been  thus  determined  as  Upper  Aptian,  both 
from  palaeontological  and  stratigraphical  evidence,  there  remains 
only  the  question  as  to  whether  it  is  most  allied  to  that  of  the 
Sandgate  or  that  of  the  Folkestone  divisions  of  the  Lower  Greensand, 
and  whether  there  is  adequate  palseontological  reason  for  the  separa- 
tion of  these  two  beds. 

Eight  of  the  species  in  the  bed  at  Great  Chart  occur  in  the 
Sandgate  Beds  in  the  district  where  that  stage  is  most  typically 
shown.  All  of  these,  however,  with  the  exception  of  Arrticn 
angnlatn^  occur  also  in  the  Folkestone  Beds  at  Folkestone;  and  in 
this  there  is  another  species  {Thetis  Icevigata),  found  at  Great  Chart, 
but  not  yet  recorded  from  the  Sandgatw  Beds  of  Sandgate.  Thus 
palaeontological ly  the  Great  Chart  phosphatic  bed  is  as  closely  allied  to 
the  Folkestone  as  it  is  to  the  Sandgate  Beds.  It  may  be  objected  that, 
as  of  these  nine  species  six  also  occur  in  the  Hythe  Beds  of  Hythe, 
Lympne  and  Maidstone,  the  palaeontological  evidence  is  too  indefinite 
to  be  worth  much.  This,  however,  only  proves  that  the  Hythe,  Sand- 
gate, and  Folkestone  Beds  represented  a  comparatively  short  period. 
The  species  characteristic  of  the  Hythe  stage  do  not  occur  in  either 
of  the  latter  at  Folkestone  or  Great  Chart.  The  Sandgate  and 
Folkestone  Beds  together  contain  a  number  of  species  which  are 
characteristic  of  a  higher  horizon.  Such  are  Waldheimia  Wanklyni, 
Terebratella     Fittoni,    Rhynchonella    sukataf    Astarte    allobroqen%U^ 
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VmtuB  parva,  eta  The  three  Braohiopoda  nearly  always  ooour  in  the 
npper  part  of  the  English  Lower  Greensand,  when  this  is  fossil- 
iferons,  as  in  the  Bargate  Beds  near  Guildford,  and  in  the  outliers  at 
Faringdon  and  Dp  ware.  These  five  species  may  be  taken  as  typical 
of  the  stage  between  the  Hythe  Beds  and  the  Gault.  They  do  not, 
however,  support  the  division  of  this  interval  into  two.  The  faunas 
of  the  Folkestone  and  Sandgate  Beds  at  Folkestone,  have  been 
shown  by  further  ooUeoting  to  be  practically  identical.  The 
differences  between  them  appear  to  be  only  a  lithological  accident 
The  collection  from  Great  Chart  confirms  this  view,  as  the  fauna  is 
equally  allied  to  each  of  the  other  two. 

Objections  to  the  identification  as  Sandgate  of  sundry  isolated 
patches  of  rocks  in  the  Lower  Greensand  of  Western  Kent  and 
Surrey,  have  frequently  been  raised.  These  seem  fully  justified  by 
the  palsoontological  evidence  which  supports  the  following  triple 
division  of  the  Lower  Greensand  deposits  of  the  South-east  of 
England : — 

1.  Upper  Aptian  or  Gargasian,  inclading    Folkestone  Beds  of  Folkestone  (ezjclading 

the  mammillan  lone). 

Sandgate  Beds. 

Phosphatic  Beds  of  Ghreat  Chart. 

Bamte  Beds  of  Goildford. 

Fuller's  Earth  Series  of  Nntfield. 

Faringdon  Sponee  GraTels. 

Lower  Greensand  of  Upware  and  Bedford- 
shire. 

2.  Lower  Aptian  or  Bedonlian    Hythe  Beds  and  Kentish  Rag. 

Main  Chert  Series  of  Godalming,  Hind- 
head,  Ewhorst,  and  Leith  Hill. 

3.  Rhodanian Atherfield  Clay. 

V.  The  Stmohronism  of  Parts  of  thk  Gault  and  the  IjOWEB 

Greensand. 

Hitherto  it  has  been  generally  assumed  a  change  from  the 
deposition  of  sand  to  that  of  clay,  marked  the  division  between 
the  times  of  the  Lower  Greensand  and  of  the  Gault.  The  sands 
below  a  certain  line  are  called  the  ''  Folkestone  Sands "  and  are 
included  in  the  Lower  Greensand ;  the  clay  immediately  above  it 
is  regarded  as  marking  the  commencement  of  the  Gault.  In  the 
Geological  Survey  maps  this  lithological  change  is  taken  as  the  line 
of  separation  of  these  two  series.  For  their  purposes,  this  is  the 
only  possible  and  practically  useful  course  that  could  have  been 
adopted.  The  palseontological  evidence  is  too  difiScnlt  in  application. 
But  when  this  lithological  line  is  accepted  as  the  definite  time  limit 
between  the  periods  of  the  Gault  and  the  Lower  Greensand,  it  is 
necessary  to  demur.     Another  explanation  is  possible. 

Mr.  Meyer  showed,^  more  than  twenty  years  ago,  that  the  Upper 
Greensand  of  Blackdown  is  really  Upper  Gault ;  M.  Barrois  *  has 

»  C.  J.  A.  Meyer,  **0n  the  Cretaceous  Rocks  of  Beer  Head  .  .  .  ."  Qnart. 
Joum.  G^ol.  8oc.  vol  xxx.  1874,  p.  386. 
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fally  fiopported  ibis  oonolasion.  Mr.  Juke8-Brn  ^ne  ^  has  also 
reoently  pointed  out  that  the  Upper  Greensand  of  Woetern  Wiltshire 
ii  really  only  a  caloareous  sandy  facias  of  the  Gault.  Siiciiarly  it  ia 
possible  that  the  change  from  the  sands  charaoteristio  of  iIm  Lower 
Greensand  to  the  clays  characteristic  of  the  Gkult,  happened  later  in 
Surrey  and  the  West  of  Kent  than  it  did  on  the  east  coast.  If  so, 
then  the  *'  Folkestone  Sands  "  of  Guildford  and  Dorking  were  still 
in  process  of  deposition  after  the  formation  of  the  last  of  the 
Folkestone  Beds,  and  while  the  Gault  was  being  laid  down  in  ;ljo 
east  of  Kent 

This  question  cannot  be  finally  answered  until  a  collection  of 
fositils  has  been  made  from  the  very  base  of  the  Gault  in  Eastern 
Surrey,  sufficient  for  the  determination  of  the  exact  zone  to  which 
tliis  belongs.  On  the  ordinary  assumption,  it  ought  to  be  the  zone 
of  Hoplites  inierrupius.  There  are,  however,  reasons  to  believe  that 
this  zone  is  absent  from  the  area  to  the  south  of  London.  In  spite 
of  having  watched  whatever  exposures  of  Gault  I  could  find  along 
the  line  between  Guildford  and  Caterham,  I  have  never  been  able 
to  find  any  Ammonite  belonging  to  a  zone  lower  than  that  of 
BopliUs  splendent.  Nor  can  I  find  any  reliable  record  of  the  occur- 
reoce  there  of  the  fossils  of  the  lower  zones. 

HopltUs  iuierruptue  seems  restricted  in  England  to  the  Folke- 
stone area  and  the  Red  Cbalk.  It  has,  however,  been  recorded' 
from  the  Richmond  boring.  If  this  record  be  correct,  so  probably 
also  is  the  ordinary  assumption  as  to  the  age  of  the  ^*  Folkestone 
Sands  "  of  Surrey.  The  fossil  is  stated  to  have  come  from  the  depth 
of  1100  feet,  while  Hoplites  splendens  is  recorded  from  a  depth  of 
1128  feet  Such  an  inversion  of  the  zones  seemed  improbable,  and 
this  led  to  a  search  for  the  specimen  on  which  this  record  was  based. 
The  specimen  is  now  in  the  British  Museum  (Natural  History),  and 
Mr.  G.  C.  Crick  has  kindly  examined  it.  lie  reports  that  though 
much  broken  its  characters  are  distinct,  and  it  is  unquestionably  not 
an  Hoplites  inierruptuSf  but  a  specinien  of  the  large  fiuted  form  of 
H.  splendens.  The  interruptus  zone  is  therefore  still  unrecorded  from 
the  London  area  or  to  the  south  of  it. 

The  Ammonite  in  the  core  from  the  depth  of  1128  feet  is,  however, 
also  a  typical  specimen  of  H,  splendens^  and  occurs  only  13  feet 
above  the  base  of  the  Gault  This  species  ranges  from  the  4th  to 
the  7th  zone  of  the  Gault.  If  we  make  the  somewhat  improbable 
asHuraption  that  this  specimen  came  from  the  very  lowest  possible 
point  at  which  it  could  have  occurred,  then  zones  1-3  are  reduced  to 
a  thickness  of  only  13  feet  Thus  either  the  three  basal  zones  are 
proportionally  much  thinner  at  Richmond  than  they  are  at  Folkestone, 
or  else  one  or  more  of  them  is  there  absent.  The  latter  view  appears 
the  more  probable,  as  it  explains  the  absence  of  the  fossils  of  tiie 
same  three  zones  from  the  line  between  Guildford  and  Godstone. 
It'  80,  as  in  this  area,  there  is  no  unconformity  between  but  a  gradual 

^  A.  J.  Jukes- Browne,  "  The  Geoloj^y  of  Devizes,  with  Remarks  on  the  Grouping 
of  Cretaceoua  Depoaits,"  Proc.  Geol.  Assoc,  vol.  xii.  1892,  pp.  264-266. 
^  Quart.  Joum.  Geol.  Soc.  toI.  xl.  1884,  p.  736. 
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passage  from  Jtbcir.Folkestone  Sands  to  the  Ganlt,  these  three  zones 
must  be  represented  by  part  of  the  former.  Then  the  cnmmenoement 
of  the  "  epook"  of  the  Gault  is  represented  not  by  the  base  of  the 
fossilifero.ila  blays  but  by  some  part  of  unfossiliferous  sands  now 
inci  udoci-jii  the  Lower  Greeusand.^ 

.This'proposal  is  not  altogether  a  new  one,  for  the  view  was  long 
ago*e;cpres8ed  that  part,  if  not  all,  of  the  Folkestone  Beds  of  Folke- 
jsVonQ-'mnst  be  included  with  the  Gault.     Thus  Gaudry*  advocated 
.  '*j^fV^in  1860,  and  he  has  been  followed  by  many  Continental  authors 
.'//.aftid  by  Prof.  Cole.'     This  step  has  not,  however,  been  generally 
,  ^  '•  accepted,  owing  to  the  diffioolty  of  separating  the  Ac,  mammiUare 
"*'   zone   from   the   rest   of  the   Lower  Gret^nsand.     Thus  M.  Barrois 
maintains  that  we  must  include  in  the  Gault,  not  only  the  Folkestone, 
but  also  the  Sandgate  and  Hythe  Beds,  owing  to  the  unity  of  the 
faunas  of  these  three  horizons ;  and  that  as  they  contain  the  zone  of 
Ac.  mammillare,  they  therefore  belong  to   the  Gault.      He   says,^ 
'*  il  est  hors  de  doute  que  la  partie  superieure  de  ce  Lower  Green- 
sand    (Folkestone   Beds)    est   notre    zone   de   sables   verts    k  Am, 

mammillaris ils    [the   fossils   of  this   zone]   sont  tous   du 

gault,  et  ce  niveau  ne  pent  etre  sepai-e  du  gault"  And  he  proceeds: 
*'  Si  les  Folkestone  beds  nppartiennent  au  gault,  les  Sandgate  beds, 
Uythe  beds,  qui  n'en  different  que  d'une  fa^cm  insensible,  devront 
aussi  appartenir  au  gault;  on  ne  pent  songer  k  mettre  une  division 
d*etage  au  milieu  du  Lower  greensand." 

Acanihoeeras  mammiUare  does  not  occur  in  the  Lower  Greensand 
except  in  the  uppermost  of  the  four  divisions  into  which  Price  has 
divided  the  Folkestone  Beds.^  This  narrow  zone  must  be  included 
in  the  Albian  and  regarded  as  part  of  the  basement  bed  *  of  the 
Gault;  but  only  this.  The  three  lower  divisions  of  the  Folkestone 
Beds  and  the  Sandgate  Beds,  as  well  as  the  Hythe,  are  all  below 
the  horizon  of  Aeanth,  mammiUare  and  are  therefore  earlier  than  the 
Albian. 

The  following  Table  expresses  the  views  here  advocated  of  the 

relations  of  the  Lower  Greensand  and  Gault  in  Kent  and  Surrey  :  — 

This  Table  illustrates  the  dififerences  between  tlve  formation  scale 

and  the  time  scale.     For  the  purposes  of  the  map  the  separation  of 

the  Gault  and  the  Lower  Greensand  is  of  course  necessary.     But 

*  At  a  recent  meeting  of  the  Geological  Society,  Mr.  T.  Leighton  announced 
the  disooTery  of  a  io9B\\  in  the  Folkestone  Sands.  This  is  a  cone  which  has  been 
identified  by  Kr.  Carmthers  as  FiniUs  hexagonut^  Can*.  (Geol.  Mao.  1^71, 
Vol.  VIII.  pp.  n40-544,  PI.  XV.),  a  species  previously  known  from  the  Upper 
Gault  (zone  ix.)  of  Eastware  Baj.  It  is  interesting  to  find  that  the  only  known 
fossil  from  the  Folkestone  Sands  inland  is  a  Gault  species. 

'  A.    Gaudry,  "Sur  la  d^uvert  de  VOsiraea  Leymerii  h.  Wissant  (Pas-de- 
Calais),**  Bull.  Soc.  g6ol.  France,  s^r.  2,  t.  xvii.  p.  32. 
3  G.  A.  J.  Cole,  "Aids  in  Practical  Geology,'*  ed.  2,  1893.  p.  387. 

*  C.  Barrois,  "  Sur  le  Gault  et  sur  les  couches  entre  lesquelles  U  est  compris  dans 
le  bassin  de  Paris,**  Ann.  Soc.  g6ol.  Nord.  t.  ii.  1876,  p.  oQ. 

^  F.  G.  H.  Price,  <*  On  the  Lower  Greensand  and  Gault  of  Folkestone,**  Proc.  Geol. 
Assoc,  vol.  iv.  1876,  p.  139. 

'  The  frequent  "very  decided  passage  from  one  to  the  other**  (i.e.  Folkestone 
"Beda  to  Gault)  has  been  pointed  out  by  Mr.  Topley.     **  On  the  Lower  Cretaceous 
Beds  of  the  BflB-Booionnais."    Quart.  Joum.  G«oL  Soc.  toI.  xxiv.  1868,  p.  474. 
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for  other  questions,  sudh  as  that  of  the  migrations  of  the  Lower 
Cretaceous  faunas,  a  time  scale  which  is  independent  of  lithologioal 
characters  is  equally  necessary.  These  two  scales  are  not  contra- 
dictory, but  complementary,  and  each  must  be  retained  for  its  special 
purposes — the  one  for  local  purposes  and  the  other  for  a  universal 
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time  scale.  Thus  they  correspond  in  history  to  the  methods  of  datin^^ 
events  by  dynasties  or  by  centuries.  If  this  be  understood  there 
need  be  no  confusion  between  them,  though  the  statement  that  part 
of  the  Lower  Greensand  is  Gault,  sounds  like  saying  that  this  week 
is  part  of  last  week.  But  we  can  say  without  such  paradox,  tliat 
part  of  the  Lower  Greensand  is  of  Albian  age,  though  that  stage 
is  in  England  typically  represented  by  the  Gault 

II. — The  Evolution  of  tuk  Braohiopoda. 

By  AoxBS  Crakb. 

(PLATE  V.) 

{Caniinued  from  the  February  Number^  p.  75.) 

Part  11. 

IT  is  evident  that  neither  Barrande  nor  Davidson,  who  maintained 
the  opinions  I  have  summarized  till  the  last  in  their  publications, 
were  able  to  recognize  the  evidence  deducible  from  a  study  of  the 
Brachiopoda  favourable  to  the  theory  of  their  evolution. 

The  solution  of  the  problem  was  left  for  a  contemporary  worker 
in  the  same  field  of  inquiry,  and  for  the  younger  school  of  American 
brachiopodists  versed  in  all  the  modem  methods  of  enibryological 
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and  paladobiological  reseATch.  The  veteran  is  Professor  James  Hall, 
Director  of  the  Geological  Survey  of  the  State  of  New  York,  that 
excellent  training-ground  for  such  able  palaBontologists  as  Whitfield, 
Walcott,  and  Clarke.  Beecher  and  Schuchert,  we  believe,  also  studied 
Brachiopoda  at  Albany  in  Hall's  private  and  State  collections.  It 
was  at  Albany  that  the  Memoir  on  the  Development  of  some  Silurian 
Brachiopoda,  by  Dr.  C.  £.  Beecher  and  Mr.  J.  M.  Clarke  (14),  was 
published  in  1889. 

The  material  for  this  Memoir  was  derived  from  a  collection 
weighing  seven  tons.  From  this  fifty  thousand  specimens  of 
Brachiopoda  were  washed  out,  sifted,  selected,  and  referred  to  their 
respective  genera  and  species.  The  horizon  was  that  of  the  Niagara 
shales  of  the  Upper  Silurian  formation  ;  locality,  Waldron,  Indiana, 
U.S.A.  All  stages  of  growth  of  the  individuals  of  a  species  were 
thus  obtained.  Some  of  these,  if  found  by  di£ferent  observers  in 
various  localities  at  other  times,  might  well  have  been  referred  to 
distinct  species,  whereas  when  placed  in  a  line  with  the  smaller  and 
larger  examples  of  their  species  the  relationship  becomes  at  once 
apparent,  and  the  individuals  fall  into  their  place  in  the  natural  series. 

From  their  laborious  research  the  authors,  Messrs.  Clarke  and 
Beecher,  deduced  the  highly  suggestive  conclusion  that  the  early 
stages  of  species  belonging  to  such  distinct  groups  as  BhynchoneUa, 
Spiri/er,  Aihyris,  Nucleospira,  and  the  Meristoids,  resemble  each 
other  so  closely  that  the  genera  can  then  be  determined  only  by 
comparatively  trivial  features. 

This  Memoir  was  followed,  in  1892,  by  that  remarkable  "Intro- 
duction to  the  Study  of  the  Palaeozoic  Brachiopoda,"  by  James  Hall 
and  J.  M.  Clarke  (38),  which  bids  fair  to  become  the  Bible  of 
the  brachiopodist,  and  to  revolutionize  the  study  of  the  Brachiopoda 
in  general.  And  it  is  to  Albany  that  we  now  look  for  the  completion 
of  those  fruitful  studies  in  the  generic  evolution  of  this  ancient 
Class.i 

Our  knowledge  of  the  larval  and  later  stages  of  individual  growth 
in  the  living  species  is  mainly  due  to  the  investigations  of  Fritz 
Mailer,  McCrady,  Morse  (66,  67),  Brooks  (12),  Beyer  (10),  Shipley, 
Schulgin,  Kowaleveski,  Lacaze-Duthiers  (61),  Friele  (36),  Eug^e 
Deslongchamps  (38),  DalK  Beecher  (4,  6),  and  Fischer,  Daniel  and 
Pauline  (Ehlert  (69,  60,  61). 

It  is,  therefore,  to  Hall  and  Clarke  that  we  owe  the  most  searching 
inquiry  into  the  genetic  relationships  and  characteristics  of  the 
numberless  ancient  fossil  forms  of  the  class  (38),  and  to  Beecher 
and  Clarke  (14)  important  and  suggestive  studies  in  individual  or 
ontogenetic  development  of  Silurian  species,  and  to  the  first-named 
correlations  in  ontogeny  with  phylogeny  (8). 

*  The  main  text  of  part  ii.  vol.  viii.  Brachiopoda  (Palaeontology  of  New  York) 
has  since  been  issued.  The  printing  of  the  Tolume  of  quarto  plates  is,  we  regret 
to  learn,  still  delayed,  through  no  fault  of  the  authors.  We  have  been  favoured 
by  Professors  Hall  and  Clarke,  since  the  first  part  of  this  paper  went  to  Press  in 
January  last,  with  advance  sheets  of  their  **  Summary  of  the  Evolution  of  the  Genera 
of  PalsDOSoic  Brachiopoda,"  destined  to  accompany  the  volume  of  Plates,  and  ^us 
fo  odimplete  their  mastiarly  survey  of  the  Brachiopo^. 
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Let  OS  now  aummarise  the  principal  reraltt  of  these  combined 
ttodies  from  "the  life"  and  from  ** still  life,"  for  the  palsBobiolo^ist 
begins  his  inquiries  at  the  point  where  those  of  the  embryologist 
usual  1 J  terminate. 

We  find  that  oomplex  or  synthetic  types  are  by  no  m^ans  rare. 
The  farther  back  we  search  the  geologiohl  records  the  greater  is  the 
somber  of  types  uniting  characters  which  subsequently  become 
differentiated  and  accentuated,  and  serve  to  diatinguish  the  diverse 
members  of  widely  separated  families. 

The  occurrence  of  genera  with  such  mixed  characters  that 
descriptive  palsBontologists  of  the  older  school  found  it  difficult  to 
determine  to  which  of  two  families  they  should  be  referred  ' — as 
Davidson  sometimes  frankly  lamented, — c«iupled  with  the  frequently 
expressed  difficulties  of  separating  many  so-called  species,  should 
have  originated  doubts  as  to  successive  specific  or  generic  creations. 

Reversionary  types  are  also  met  with  which  exhibit  a  tendency 
to  go  back  to  some  earlier  adult  phase  of  genetic  characterization. 
Such  living  "atavistic"  types  are  Gwynin,  Cistella  among  Megathy- 
rids,  and  Dyeolia  among  Terebratuloids,  Airelia  (17)  of  the 
Bhynchonelloids,  Bhinobolua  among  the  fossil  Trimerelloids,  and 
Anlosteges  among  the  Productoids. 

The  study  of  the  individual  development  of  larval  forms  of 
different  species  reveals  past  phases  in  the  history  of  the  evolution 
of  the  genus  to  which  they  belong,  and  its  ancestral  relationships. 
It  becomes  evident  that  these  successive  transitional  stages  were 
often  stereotyped  as  adult  genera  fossilized  in  the  records  of  the 
rocks.  If  this  can  be  demonstrated  of  one  branch,  one  order  of 
Brachiopoda,  we  maintain  that  it  follows  logically  that  the  principle 
is  true  of  all  branches,  although  the  methods  and  lines  of  variation 
may  have  deviated.  In  other  words,  the  same  goal  is  reached  by 
travelling  different  ways,  as  can  be  actually  proved  in  more  than 
one  instance. 

Now,  it  is  impossible  to  deny  that  such  a  successful  demonstration 
has  been  accomplished  through  the  combined  results  of  various 
researches  on  the  structure  and  development  of  the  recent  Terebra- 
tuloids  by  Friele  (36),  Deslongchamps  (34),  Morse  (57),  DM  (24), 
the  CEhlerts  (59,  61),  and  Beeclier  (4),  and  for  the  Piilaenzoio 
Brachiopoda  by  Hall  and  Clarke  (38).  From  Clarke  and  Beecher's 
(14)  studies  of  a  large  series  of  individuals  of  several  Silurian 
species  we  may  also  learn  how  easily  abnorm>d  forms  originate  at 
different  periods  of  individual  growth,  and  that  these  direct  and 
indirect  divergents,  due  to  physioh)gical  causes  accelerated  by  the 
environment,  may  give  rise  to  new  generic  or  subgeneric  forms. 
The    descendants    of    these    generic    variants,    again    prematurely 

*  This  difficulty  becomes  naturally  most  apparent  when  treating  of  the  Primordial 
and  later  Palsozoic  genera,  and  is  leas  marked  among  later  developments.  Hall 
and  Clarke,  as  is  weU  known,  consider  the  employment  of  family  groups,  und  even 
broader  divisions,  ai  *' so  palpably  a  violation  of  nuture^s  method  as  to  make  itsolf 
felt  as  an  incumbrance,  and  therefore  use  them  merely  as  conventional  and 
convenient. 
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launched  into  the  sea  of  life,  perpetaated  a  race  of  individaals  with 
the  same  accelerated  characters  and  propensities  (3). 

Furthermore,  we  discover  as  we  proceed  with  our  inquiries,  that 
such  distinctions  as  are  expressed  in  the  class  names  Lyopomaia  or 
*'  loose  valves,"  comprising  all  the  genera  with  inartioulated  valves, 
and  the  Arihropomata^  or  '*  attached  valves,"  including  all  those 
with  articulated  valves,  are  not  in  reality  fundamental  distinctions. 
It  is  now  known  that  some  forms  of  Brachiopoda  once  existed  which 
fairly  bridged  the  gulf,  formerly  oonsidered  impassable,  between 
these  two  natural  groups  of  hinged  and  hingeless  forms,  and  that  in 
more  than  one  direction.  We  may  cite  as  examples,  Neobolus, 
Spondyloholus,  Trematobolus,  and  Kutorgiua  of  the  Cambrian  period, 
Ti'imerella  and  Monomerella  of  the  Silurian,  and  Jkirroisella  of  the 
Devonian  (LingtUa  SHbspatulata,  M.  and  W.,  type),  which  indicate 
different  approximations  between  the  hingeless  and  the  hinged  forms 
(38).  The  faot,  moreover,  that  Mr.  G.  F.  Mathew  (52)  was  com- 
pellud  to  describe  his  new  genus  Trematobolus  from  the  St  John 
horizon  in  North  America  as  an  articulated  Brachiopod  of  the  order 
Inarticulata,  emphasizes  this  point  in  a  very  marked  manner. 

Let  us  now  briefly  consider  some  of  these  recent  genealogical 
revelations.  It  will,  1  think,  be  generally  admitted  that  each 
distinct  group  of  Brachiopoda  is  first  represented  by  small  species, 
somewhat  insignificant  in  size  and  number  of  genera,  although 
perhaps  rich  in  species  and  individuals  in  favourable  localities.^ 
In  1877  Dall  (26)  and  Davids(m  (24)  estimated  the  number  of 
known  genera  at  130,  dividing  them  respectively  into  eighteen  and 
fourteen  family  groups.  In  1887  Fischer  and  D.  and  P.  (Ehlert  (63) 
admitted  sixteen.  I'his  year  Mr.  Charles  Schuohert  (64)  took  a  fresh 
census,  tabulated  279  genera  as  valid,  and  classed  them  into  forty- 
seven  family  and  sub-family  groups.  Two-thirds  of  these  were 
di£ferentiated  in  the  Palaeozoic  era,  ranging  from  the  Primordial  to 
the  Carboniferous  and  Permian  inclusive.  But  only  nine  of  these 
passed  up  into  the  Mesozoic,  when,  however,  some  fresh  types 
appeared  which  gave  rise  to  a  secondary  evolution  on  fresh  lines  of 
development.  Six  out  of  the  seven  surviving  families  were  repre- 
sented in  the  Palieoaoic.  The  genealogy  of  the  Thecidiidsd  is  inter- 
rupted at  the  Carbo- Permian  epoch,  but  there  is  good  reason  to 
believe  that  tlieir  remoter  ancestors  lived  as  long  ago  as  the  Silurian. 

The  Cuvierian  class  Brachiopoda  is  still  subdivided  by  Beecher  (4) 
and  Schuohert  (64),  Fischer  and  the  CEhlerts  (63),  into  the  sub- 
classes Lyopomaia  and  Arthropomata  of  Owen,  as  the  distinction  of 
loose  and  attached  valves  is  one  which  conveniently  characterizes  an 
immense  majority  of  the  described  forms.  The  sub-classes  were  again 
subdivided  into  six  orders  by  Waagen  (68)  in  1883,  into  eight  by 
Neumayr  (58),  and  by  Dr.  Beecher  (4)  into  four  in  1891.  His 
class! fi cation  (5)  seems  a  i-ational  one,  based  on  the  nature  of  the 
pedicle- passage  and  certain  stages  of  shell  growth.  It  embodies 
some  of  the  best  features  of  the  systems  of  Yon  Buch,  Deslong- 
ohamps  (33,  34,  86),  King  (48),  Gray,  Davidson  (28),  Dall  (25, 
^  Strin^ocfphalui  and  Sehaphioemlia  are  abnormal  exceptions. 
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26),  Waagen  (68),  Hall  (38),  Barrande  (1),  eta,  as  considerably 
extended  and  emended  of  late  by  Schachert  (64,  66). 

Tlie  Atbsmata,  witb  a  free  pedicle-passage  between  both  valves, 
are  the  oldest  and  simplest  forms  of  Braohiopoda,  represented  in  the 
Lower  and  Middle  Cambrian  by  Paierina,  Obolella,  etc.,  but  LingidOf 
s  surviving  type,  did  not  appear  before  the  Lower  Silarian  period. 

Of  the  twenty-fonr  known  hingeless  atrematous  genera,  no  less 
than  nine  appeared  in  the  Primordial  fauna.  Of  their  immediate 
snoeetors,  as  yet  we  know  nothing.  Twenty-two  in  all  appeared 
daring  the  Palssozoic  era.  Two  little  "  tongue-shaped  "  shells  still 
represent  them — Lingnla  in  the  £astem  oceans  and  Olottidia  in  those 
of  the  Western  hemisphere. 

The  Atbkmata  gave  rise  almost  simultaneously  in  the  Primordial 
seas  to  members  of  the  orders  Neotremata  and  Protremata;  for 
types  it  is  now  generally  conceded  are  more  plastic  at  or  near  their 
points  of  origin. 

The  NcoTRBMATA  comprises  all  the  disc-like  hingeless  forms  with 
pedicle  passage  restricted  to  the  ventral  valve.  These  diverged  from 
the  Atbkmata  by  way  of  the  round  punctured  shells  of  the  family 
of  the  Trematidfls.  Thirty-one  genera  are  referred  to  this  order, 
which  is  represented  in  existing  oceans  by  the  long-lived  Crania, 
OrhicuUndea — also  known  as  Disrina, — and  by  the  modern  brauohlet 
of  Dtseinisea. 

The  order  Pbotrkmata  includes  the  large  number  of  82  articulated 
genera  with  a  single  plate  deltidium,  classed  by  Schuohert  (64) 
into  two  suborders'  and  fourteen  families,  many  with  but  a  short 
range  in  time,  llie  earliest  forms  of  the  primary  division  are  con- 
sidered to  have  originated  from  the  Atremata,  wd  the  Cambrian 
species  allied  to  the  genus  Kutorgina  (K.  eingtdaia,  iBillings,  type),  and 
were  chiefly  restricted  to  the  Paleeozoic  oceans.  Others  appeared 
at  the  close  of  that  great  epoch,  or  with  the  dawn  of  Mesozoio  time. 
The  only  direct  living  representative  of  the  Protrbmata,  as 
defined  by  Beecher,  is  the  Thecidoid  Lacazella  Mediterranea,  Risso. 
Other  members  of  the  family  to  which  this  species  belongs  are 
known  to  occur  in  the  Jurassic,  possibly  in  the  Trias.  Then  there 
is  a  break  in  continuity  of  descent,  but  there  is  good  reason  to 
believe  that  the  remoter  ancestry  of  the  Thecidiidae  will  eventually 
be  traced  through  the  adhering  Produotoids  back  to  the  Silurian 
Strophomenoids,  which  have  the  same  habit  of  attaching  themselves 
by  one  valve  to  foreign  objects,  or,  like  many  neotrematous  genera, 
to  each  other. 

It  was  from  the  Protrkmata,  prolific  in  short  ranging  genera, 
that  the  important  order  of  Tblotrem ata  originated  in  that  family 
of  Pentameridffi,  abundantly  represented  in  Silurian  seas,  and  it  is 
believed  by  the  genus  CamareUa  in  the  Primordial  oceans.  It 
diverged  in  two  main  lines  of  descent,  with  numerous  collateral 

1  I.  TVuUaeea,  from  trulla  a  scoop,  for  the  spoon-shaped  plate,  the  spondylium 
of  Hall. 
II.  Theeacea,  from   theea  a  eorer,   referrinji^  to  the  deltidium  in  one  plate 
coTering  the   three-cornered  fissure  in   the  apical    portion  of  the 
Tentral  tb1t9. 
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branches,  one  of  the  extinct  Spiriferoid,  Meristoici,  and  existing 
Rhynchonelloid.  and  the  other  of  the  Terebratuloid  type,  still  more 
familiar.  By  far  the  largest  number  of  Braohiopoda — half  of  all 
the  known  genera — belong  to  this  order  of  Tblotrbhata,^  which  is 
oharacterized  by  the  deltidium  in  two  plates,  and  the  presence  of 
variously  modified  calcified  supports  to  the  brachial  or  breathing 
organs  of  the  *'arm  "-footed  mollusc-like  animals. 

Thus,  to  sum  up  the  ordinal  relationships,  Uie  atrematous  order 
represents  the  short  main  trunk  of  the  Brachiopodal  phylum — the 
Nrotrbmata  and  Protremata  chief  divergent,  but  now  dwindling 
branches,  while  the  secondary,  but  more  robust  branch  of  the 
Telotremata,  which  originated  in  the  Protremata,  has  given  rise 
to  more  numerous  stems,  branchlets,  and  offshoots  than  all  the  rest 
put  together.  By  far  the  larger  number  of  surviving  genera  and 
species  belong  to  this  flourishing  branch  of  the  Brachiopodal  family 
tree. 

So  much  for  the  ordinal  evolution  of  the  Brachiopoda,  which 
has  been  indicated  in  the  diagram  already  published  (Plate  IV.)> 
in  which  the  top  line  represents  the  seas  of  the  present  day,  and  the 
bottom  one  the  Primordial  oceans  of  long  past  ages  (Geol.  Mag. 
p.  65,  February,  1896). 

Let  us  now  consider  some  instances  of  the  evolution  of  genera. 

The  simplest  form  of  all  known  Brachiopoda'  is  that  small  semi- 
elliptical,  horny,  imperforate  hingeless  shell  Paterina,  the  little 
father  of  all  the  Brachiopoda.  The  genus  was  founded  on  a  Lower 
Cambrian  species  first  referred  to  Kutorgtna  and  Obelus  by  Billings 
and  Walcott,'  but  assuredly  not  belonging  to  the  first-named  genus 
if  Kutorgtna  eingidata,  Billings,  fix)m  the  Middle  Cambrian  be  taken 
as  its  type,  for  that  is  a  calcareous  shell  with  indications  of  a  hinge* 
area,  and  there  seems  reason  to  consider  it  as  an  ancestral  form  of 
the  articulated  Protremata  (PI.  V.  Fig.  10.) 

In  external  shape  the  atrematous  Paterina  (PI.  V.  Figs,  la,  6,  e) 
bears  a  close  resemblance  to  the  homy  imperforate  protegulum,  or 
earliest  developed  shell  covering,  which  makes  its  appearance  in  the 
phylembryonic  stage  (when  class  characters  can  be  first  determined 
with  certainty)  of  all  larval  Brachiopoda.  According  to  Beecher, 
nearly  every  Brachiopod  goes  through  a  **paterine"  stage  of  develop- 
ment (5).  The  Primordial  little  *' coin -shaped  "  shells  known  as 
Obolella  (Fig.  2)  pass  through  their  transient  paterine  atage,  and 
the  resultant  Obolelloids  play  an  important  part  in  the  genealogy 
of  Lingula  (Figs.  5,  7),  one  of  the  few  "tongue-shaped**  shells  of 
the  atrematous  order  still  existing.  For  the  Linguloid  type  was 
evidently  derived  from  the  preceding  Obolelloid  which  had  attained 

*  The  earliest  known  forms  of  the  telotrematoos  sab-orders  Rostracsa, 
Helicopeomata,  and  Akcylobrachia  approximate.  There  is  reason  to  beliere 
that  the  Rostkacea  and  Anctlobracuia  are  older  than  the  Hblicopboxata  or 
Spihiferacea. 

'  ''And  it  might  be  fair  to  say  of  all  possible  Brachiopoda" — add  Hall  and  Clarke 
[op.  eit.  p.  912,  1896). 

'The  earliest  form  and  type  species  is  Paterina  Swanioneruit,  Walcott,  sp.,  from 
the  Lower  Cambrian  of  Vermont,  first  described  as  Obolus  (Kutorjfina)  Labradoriea, 
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its  onlmination,  or  period  of  maximnm  dereloptnent,  in  a  fAunal 
epoch  antecedent  to  the  appearance  of  the  trae  lAnguLa,  which  is 
therefore  not  the  most  ancient  form  of  all  the  Braehiopoda  (38). 

Prof.  W.  K.  Brooks  had  long  since  noted  the  Obolelloid  shape  of 
the  shell  in  the  larval  phases  of  recent  Lingula  {Qloiiidia)  (12).  just 
as  a  Lingaloid  phase  of  shell  growth  had  been  previously  recognized 
by  Morse  as  characterising  an  early  stage  of  Terebratnlina  nepten- 
tnanalU  still  living  on  the  east  coast  of  Maine  (PI.  Y.  Figs.  8a,  86, 
and  Fig.  9)  (56,  57). 

When  we  consider  the  tendency  to  abbreviation,  which  is  a 
general  feature  of  later  embryologioal  stages,  it  is  astonishing  that 
palaoontologists  should  have  been  able  to  trace  so  many  satisfactory 
genealogies. 

The  Lower  Silurian  true  lAngvUa  gave  rise  to  many  generic  rami- 
fications, some  of  which  were  short-lived.  Two  genera — Ldngula 
and  the  divergent  Olotiidia — survive  in  existing  oceans,  the  first  on 
the  eastern,  the  second  on  western  shores,  both  in  shallow  waters. 

Some  of  the  early  Lingulelloids,  such  as  lAnguUlla  (PL  Y.  Fig.  4) 
and  Lingulepia,  fore-runners  of  Lingula,  were  of  a  very  mixed  type, 
having  the  outward  form  of  Ungtda  combined  with  the  narrow 
pedicle  slit  and  simple  muRcnlar  arrangements  of  the  antecedent 
Obolelloids  (38).  While  Trematoholus  from  the  St.  John  group 
has  been  described  by  Mr.  G.  F.  Mathew  as  an  ''articulated 
Brachiopod  of  the  Inarticulate  order,"  it  combines  the  features 
of  Siphonoireia,  Srhizambon  (Fig.  13),  and  Obolu8  in  the  ventral  valve 
and  those  of  Orthia  in  its  dorsal  valve  (52,  53). 

HaH's  new  genus  Barroinella^  a  lineal  descendant  of  Silurian 
Lingnla,  is  an  illustration  which  survived  in  Devonian  seas  of  one 
way  in  which  the  hingeless  loose  valves  approach  the  articulated 
or  attached  valves.  It  presents  so  marked  a  specialization  of  the 
deltidial  callosities  as  to  indicate  their  approximation  for  articulating 
and  interlocking  purposes.     This  genus  left  no  descendants. 

In  UngulopB  (PL  Y.  Fig.  6)  and  lAnguIasma,  now  raised  into  family 
rank  by  Winchell  and  Schuchert  (64),  we  get  proofs  of  the  influence 
of  physiological  causes  on  the  origin  of  genera.  They  are  said  to  be 
"platform  bearing"  lAngula,  outwardly  resembling  Lingula,  while 
their  internal  structure  yields  evidence  of  their  actual  relationship 
with  the  Silurian  Trimerelloids.  It  took  a  Canadian  (Dr.  Billinors), 
several  Americans  (Hall,  Meek,  Wliitfield),  a  Swede  (Dr.  Lindstrom), 
the  canny  Scot  (Davidson),  and  that  far-seeing  Professor  of  Queen's 
College,  Galway,  William  King,  a  slayer  of  Eozoon  organism,  and 
one  of  the  most  philosophical  of  British  writers  on  Braehiopoda,  to 
decipher  the  enigma  of  these  strange  fossils.  I  wns  present  at  their 
introduction  to  the  scientific  world.  The  structure  and  affinities 
of  the  group  were  first  made  known  in  detail  at  the  Brighton 
Meeting  of  the  British  Association  in  1872.  when  Davidson  read 
a  joint  ]iaper  by  himself  (32)  and  William  King  (49),  and  James 
Hall  led  the  discussion. 

These  thick-shelled  Trimerelloitls  may,  perhaps,  be  regarded  as 
the  *'  dyspeptics  "  of  the  Brachiopod  race,  inasmuch  as  l\ie  iai^i^  ^vu^ 
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and  consequent  displaoeroent  of  the  organ  asaally  oalled  **  the  liver** 
(stomaoal  gland  of  Joubin)  (47)  a£feoted  the  position  of  the  moscles, 
which  grew  strong  in  proportion  as  the  shells  grew  massive.  The 
combination  of  increased  muscular  energy  and  resulting  augmented 
secretion  of  shelly  substance  or  '<  stereom  "  in  the  area  of  muscular 
attachment  caused  the  formation  of  a  solid  plate,  which  has  been 
gradually  changed  into  a  more  or  less  vaulted  platform.  The 
evolution  proceeded  on  two  distinct  lines.  One  deviated  from 
Lingula,  travelled  vid  Lingulops  and  Lingulatma,  with  muscular  scars 
excavated  or  sunken  as  in  lAngtUa^  The  other  diverged  from 
Primordial  Obolus  through  Elkania  to  Dinobolus  with  elevated 
muscular  attachments.  Both  lines  culminated  in  the  Trimerellidad 
before  the  close  of  the  Silurian  period  in  Canada,  the  United  States, 
and  Gotland,  Sweden  (32). 

Similar  instances  of  development  on  parallel  lines  can  be  traced 
in  the  longer  known  families  of  the  Rhynchonellidsd  and  the  Tere* 
bratellidsa  (King  emend  Beecher).  It  has  been  clearly  demonstrated 
by  Deslongchamps  (84),  Buckman  and  Walker  (13),  that  the  ''acute." 
the  four-cornered,  the  "spinose,"  and  some  other  Rhynchonelloid 
groups  of  the  Jurassic  period — I  now  quote  verbatim — **  carry  on  as 
they  ascend  each  their  own  course  of  development  side  by  side." 
The  earliest  forms  of  the  intermediate  Proto-rhynohoids  are  found 
in  the  Lower  Silurian. 

The  results  of  the  various  researches  into  the  development  of 
the  Terebratuloids  have  been  so  recently  summarized  by  myself^ 
in  this  Magazine  and  elsewhere,  that  it  is  not  necessary  to  go  into 
details  of  what  may  truly  be  regarded  as  a  test  case  of  the  evolution 
of  the  Brachiopoda. 

Fnele  (36),  Dall  (24),  Deslongchamps  (28,  29),  and  Beecher  (7) 
have  traced  the  specific  development  of  the  northern  members  of  the 
long-looped  Terebratellidsa,  and  those  of  the  southern  oceans  have 
been  the  subject  of  detailed  comparison  and  research  by  Dr.  P. 
Fischer,  and  those  excellent  French  Zoologists  Daniel  and  Pauline 
(Ehlert  (59),  whose  collaboration  has  been  so  fruitful  in  research, 
and  is  full  of  promise  for  the  future. 

It  is  with  pleasure  I  refer  to  Madame  Pauline  (Ehlert  as  an 
earnest  co-worker  with  her  distinguished  husband,  and,  so  far  as 
I  am  aware,  the  only  other  member  of  my  sex  who  is  actively 
interested  in  the  study  of  the  recent  and  fossil  Brachiopoda  (59,  60, 
61,  62,  63). 

So  far  as  the  Terebratelloid  branch  is  concerned  the  combined 
results  of  all  investigations  reveal  two  lines  of  generic  evolution. 
One  travelled  by  the  northern  and  the  other  by  the  southern 
species  of  the  family.  In  each  the  earlier  stages,  gwyniform  and 
cistelliform,  are  identical,  and  indicate  descent  from  a  common 
Megathyrid  source  (7,  8).  The  northern  forms  pass  successively  on 
through  the  platidiform,  ismeniform,  miihlfeldtiforni,  terebratelli- 
form,  and  culminate  in  the  dalliniform  phase  represented  in  boreal 

1  Gbol.  Mao.  Dec.  3,  1893,  p.  321.  Nataral  Science,  vol.  ii.  No.  11,  Jan.  1898, 
pp.  46-62. 
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Ooeunt  bj  Waldkeimia  upiigera  and  Maeaindrevia  cranium.  The 
aiisiral  speoies  diverge,  after  assuming  the  cistella  stage,  through 
a  boachanliform,  mergerltniform,  magasiform,  magaselliform,  tere- 
brateiliform«  and  magellaniform  phase,  of  whioh  the  fine  Falkland 
species  Magdlania  {W.)  venofa,  Sol.,  is  the  type  of  final  evolution 
(59,  61). 

Theee  forms  or  phases,  transitional  and  suooessive,  in  the  living 
species  often  represent  adult  stages  known  to  be  permanently 
stereotyped  as  charaoteristio  genera  in  the  fossiliferous  deposits  of 
the  Tertiary,  Cretaceous,  and  Jurassic  formations.  In  the  Devonian 
epoch  the  Terebratelloid  branches  become  merged  in  the  main  stem. 
The  well-marked  Devonian  genus  Tropidoleptus^  is,  according  to 
Hall,  a  true  platidiform  type,  and  one  of  the  oldest  known  repre- 
sentatives of  the  TerebratellidaB,  while  OryptoneHa,  also  of  Devonian 
age,  is  likewise  regarded  by  him  as  a  direct  ancestor  of  the  Magellanian 
stock  (  Waldkeimia).  There  is  evidence  that  both  branches  originated 
in  the  earlier  *'  stropho-orthoid  "  stock  of  the  protrematous  order. 
The  annectent  genus  Amphigenia,  on  the  other  hand,  approximates 
both  to  the  Rhynohonelloid  branch  and  the  main  Terebratuloid  stem, 
as  represented  by  the  Lower  Devonian  Remselceria,  '*  half  Penta- 
roeroid,  half  Centronelloid,"  and  others  of  the  centronelliform  type. 
Its  appearance  in  the  Upper  Helderberg  series  of  the  Lower 
Devonian  somewhat  antedates  that  of  Rensselceria.  Amphtgenta  is 
punctate  and  unites  the  muscular  scars  of  the  Terebratuloid  with 
a  spondylium  and  the  brachial  processes  of  a  Rhynohonelloid,  and 
thus  connects  the  Pentameroids  with  the  Terebratuloids.  Among 
the  earlier  orthidian  and  pentamerine  stocks  the  Proto-rbynchoids 
also  originated  in  Lower  Silurian  times,  culminating  in  the  persistent 
Khynchonelloid  stem,  still  represented  by  the  more  modern  offshoots 
Hemithyria  and  Acanthothyria  of  the  Telotrematous  order,  so  prolific 
near  its  source  in  the  comparatively  short  ranging  spire-bearing 
genera,  of  which  the  last  representatives  died  out  in  the  Triassio 
oceans. 

But  it  is  impossible,  even  in  the  generous  space  limits  permitted, 
to  go  farther  into  details  of  descent  with  modification  among  the 
Brachiopoda.  We  have  seen,  as  we  search  together  the  records  of 
the  ancient  fossiliferous  rocks,  how  the  confines  of  the  elaaaea  merge 
into  one  another,  that  orders  converge  and  certain  genera  pass 
almost  insensibly  the  one  into  the  other.'  Our  knowledge  has, 
indeed,  advanced  with  giant  strides  of  late,  thanks  to  the  critical 
and  searching  investigations  of  the  numerous  able  scientists  of 
diverse  nationalities  interested  in  this  group  of  organisms,  and  to 
those  of  America,  France,  and  Germany  in  particular.  I  feel  sure 
that  there  is  awaiting  us  in  the  not  far  distant  future  a  complete 
demonstration  of  the  evolution  of  the  Brachiopoda. 

>  ThM  genus  has  no  deltidinm  on  the  brachial  TaWe. 

'  **  Even  among  the  generic  groups  there  is  so  often  an  almost  intangible  transition 
from  one  to  another  that  the  eropluyment  of  distinctiye  terms  seems  at  times  quite 
perfunctory ;  but  with  the  increase  of  such  difficulties  the  nearer  our  classification 
may  be  regarded  as  approaching  the  true  method  of  deyelopment.'* — VitU  p.  908, 
Hall  and  Clarke's  <•  ^uidbook  of  the  Brachiopoda,*'  Part  it.  Al\>an7,  \%^5« 
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NoTB. — "The  Braohiopoda  need  not  detain  ns  long,"  writes  Prof. 
6.  J.  Hiokson,  M.A.,  D.Se.  Lond.,  on  p.  115  of  "The  Fanna  and 
Flora  of  the  Deep  Sea/'  1894  (Modern  Science  Series).  It  is, 
perhaps,  just  as  well  they  did  not,  for  we  fail  to  comprehend  his 
subsequent  remarks  thereon  in  the  light  of  modem  research. 
"J^re/ia,"  he  proceeds,  "is  the  only  genus  peculiar  to  deep  water." 
If  by  "peculiar'*  he  means  that  the  genus  is  found  in  deep  water 
exclusively  (the  usual  sense  of  the  word)  we  would  refer  him  to 
the  types  of  Aireiia  Brazieri,  Davidson,  which  have  been  preserved 
for  some  years  in  the  Davidson  Collection  in  the  Geological 
Department  of  the  Natural  History  Branch  of  the  British  Museum. 
This  Australian  species  was  determined,  named,  and  described  by 
Dr.  Davidson  (see  Proc.  ZooL  Soo.  Lond.  p.  181,  April,  1886), 
for  his  "Monograph  on  the  Recent  Brachiopoda"  (Trans,  of  the 
Linn.  Soc.  of  Lond.  1886-1888,  vol.  iv.  Zoology,  p.  176,  pi.  xxv. 
figs.  16,  17a).  Therein  he  will  find  the  AuRtralian  species  of  the 
genus  was  obtained  by  Mr.  John  Brazier  off  Port  Stephens,  New 
South  Wales,  in  twenty-five  fathoms,  which  can  scarcely  be  regarded 
as  "deep  water."  Much  has  been  learned  and  published  with  regard 
to  the  distribution  of  the  recent  Brachiopoda  since  the  publication 
in  1880  of  Dr.  Davidson's  "Report  on  the  Brachiopoda  of  the 
Challenger  Expedition,"  which  was  the  first  issued. 

With  r^ard  to  Prof.  Hiokson's  further  statement  as  regards 
Lingul^,  moreover,  it  can  no  longer  be  maintained  "that  shells 
almost  identical  with  those  of  the  living  species  are  found  abundantly 
in  the  Cambrian  strata."  It  has  been  repeatedly  observed  in  recent 
years  by  Hall,  Clarke,  Beecher,  and  Schuchert  that  true  lAngda 
first  appear  in  the  Trenton  series  of  the  Lower  Silurian  epoch. 
The  Cambrian  species,  formerly  referred  to  that  genus,  are  now 
known  to  belong  to  more  primitive  genera,  Lingulella  and  Lingu- 
lasma,  and  that  these  were  preceded  by  various  Oboloids  and 
Obolelloids  and  the  radical  Paterina,  If  the  diagram  of  generic 
evolution  which  accompanied  the  first  part  of  my  paper  in  the 
February  Number  of  this  Magazine  dispels  the  persistent  illusion 
respecting  the  primeval  antiquity  of  the  genus  lAngula,  and  its 
unchanged  persistence  since  early  Cambrian  time,  it  will  have 
served  its  turn.  Of  the  manifold  imperfections  of  that  "  attempt  to 
indicate  the  ordinal  and  main  generic  relations  of  the  Brachiopoda," 
no  one  can  be  moi*e  aware  than  the  writer.  Since  its  publication 
I  have  been  favoured,  through  the  kindness  of  the  authors.  Professors 
James  Hall  and  John  M.  Clarke,  with  advance  sheets  of  the  final 
chapter — "the  Evolution  and  Classification  of  the  Genera  of  the 
Brachiopoda  " — of  their  excellent  "  Handbook  of  the  Brachiopoda," 
now  on  the  eve  of  publication  in  America.  The  classification 
appended  is  a  judicious  and  compact  one,  combining  their  own 
views  with  those  of  Waagen,  Beecher,  and  Schuchert.  Including 
Paterina,  which  is  placed  outside  the  pale  of  both  the  sub-classes 
Lyopomata  and  Arthropomata,  as  belonging  exclusively  to  neither, 
but  a  parent  source  of  both,  and  excluding  Eichtoaldia  and  uitdo' 
corhynchus  as  "  Incertas  Sedis/'   no  less  than  three  hundred  and 
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twenty-seven  genera  are  recorded  therein.  They  are  grouped  in 
thirty-five  families.  Subfamilies  are  not  recognized.  This  is  about 
one-foorth  less  than  Mr.  Schuohert's  scheme  required,  but  the  actual 
number  of  genera  has  been  increased  by  foily-eight,  vias.  from  279 
to  327.  of  which,  strictly  speaking,  not  one  *'  persists  unchanged  " 
from  the  Lower  Cambrian  to  the  recent  period. 

We  may  be  permitted  to  quote  in  conclusion  the  words  of 
Professors  Hall  and  Clarke :  <*  To  us  the  genus  represents  the 
stmctural  unit,  a  point  of  departure;  species,  diverse  expresnions 
of  the  generic  type;  families,  associations  of  genera  representing 
the  offspring  of  a  common  parentage."  ....*'  A  classification  is 
A  broken  and  punctuated  expression  of  organic  affinities  and  inter- 
relations necessary  to  an  easy  treatment  of  any  group  of  organisms, 
capable  of  expressing  many  truths  in  regard  to  the  development  of 
A  race,  but  even  in  its  most  perfect  state  an  index  and  a  confession 
of  faulty  knowledge.*'  ^  A.  C. 

EXPLAICATION  OP  PLATE  V. 

LeCten  A.  Atremata ;  N.  Neotremata ;  P.  Protremata ;  T.  Telotremata ;  «  Orden. 

f.  paterina  stag« ;   o.  obolelloid ;   /.  lingnloid;   a.  /.  adolescent  linguloid  (Fig.  7). 

S.  Surriving  genera. 

Pio.     1  a,  h,  e.     A.  Paterina  Labradcriea,  Tar.  Swanton^nsitf  Walcott.     Lower 

Cambrian,  Vermont. 
A.  Obolelia  erasta,  Hall  (after  Hall). 
A.  OMus  {Bottfordia)   pulchra.       x   3   (after   Mathew).      St.   John 

Groop,  N.  B. 
A.  LinguUlla  Dawwni,  Mathew.      x  3.     St.  John  Groap,  N.  B. 
A.  Lingula  lamellata^  Hall  (after  Hall).     Niagara  Group,  N.  Y. 
A.  Xtn^M/ojM  liF'Ai/^Aii,  Hall  (after  Hall),     x  3.    Hudson  River  Group. 
A.  Lingula  ricini forma,  Hall  (after  Winchell  and  Schuchert).     Ix)wer 
Silurian,  Minnesota,    p.  proteeulum,  or  paterine  stage;  o.  obolel- 
loid ;  a.  I.  adolescent  ling^oid  growth  stage  (greatly  enlarged). 

Fio.    8  a,  ^.     A.  Olottidia  {Lingula)  pyramidata^  Stimpson  (after  Brooks).    South 

Carolina  Seas.  Obolelloid  stages  of  shell  growth  of  the  living 
species. 

Fio.    9.     T.  Terebratulina  Beptentrionalit,  Couthouy  (after  Morse) .   Coast  of  Maine. 

Showing  linguloid  phase  of  Khell  growth. 

Fio.  10.     P.  Kutorgina  etngulala,  Billings  (after  Hall),      x  3. 

Fig.  11.     P.  Orthoihete*  Un$,  White  (after  Hall),      x  3. 

Fio.  12.     X.  IHscinolepi*  granulata^  Waagen  (after  Waagen).     Cambrian,  India. 

Fio.  13.     N.  Hehizambon  {?)Jls$u»,  Kutorga  (after  Hall). 

Fig.  14.     N.   Trematis  Ottawensis,  Billings  (after  Hall).     Nat.  siie. 

Fio.  Ida,  b.    N.  Schizobolua  truneattu.  Hall  sp.  (after  Hall),      x  3.     Genessee 

Slate,  N.  Y. 

Fio.  16  a,  A,  e,    N.  Orbieuloidea  minuta^    Hall   (aft<*r    Beecher).     Three  growth 

stages,  showing  the  change  from  the  paterina  stage  (a)  with  trans- 
verse cardinal  margin,  to  the  circular  outline  of  the  adult ; 
a.  paterina ;  b.  nealogic ;  e.  ephebolic  stages. 

Fig.  17.     N.  Diteina  tiriata,  Schumacher.     West  African  Coast. 

Fig.  18.     N.  tiehisoerania  JHoMj  Hall  (after  Hall).     Hudson  River  Group. 

Fig.  19.     N.  FhoHdopt  Cineinnatentitj  Hall  (after  Hall),      x  4.     Hudson  River 

Group. 

Fio.  20.     K.  Crania  tetifera,  Hall  (after  Hall).     Niagara  Group. 

^  Handbook  of  the  Brschiopoda,  Part  IL   1895.     By  Jamea  Hall  and  John 
M.  Clarke. 
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in. — The  Mioobne  Inseot-fauna  of  CBminqen,  Baden. 
By  Samuel  H.  Scuddbr,  Cambridge,  U.S.A. 

(PLATE  VI.) 

THANKS  solely  to  the  labours  of  the  late  Oswald  Heer,  the  fossil 
insect-fauna  of  CCningen  is  better  known  than  that  of  any 
other  locality  or  horizon  in  the  world.  But  it  is  by  no  means  so 
well  known  as  it  should  be ;  for  although  Ileer,  in  his  latest 
enumeration  of  the  specimens  seen  by  him  (Urwelt  der  Schweiz, 
2®  Aufl.  1879,  p.  383),  repeats  precisely  the  same  figures  he  has 
already  given  in  1861  (Recherches  sur  le  cliraat  du  pays  tert.,  p.  197), 
indicating  in  an  interval  of  eighteen  years  no  addition  to  his 
material  (over  5000  specimens),  his  repeated  additions  to  the 
number  of  species  from  that  locality  show  that  he  had  not  fully 
worked  over  what  he  had.  Indeed,  thirty  years  ago,  I  arranged  for 
exhibition  in  the  Museum  of  Comparative  Zoology  at  Cambridge 
a  collection  of  nearly  one  hundred  and  fifty  named  species  secured 
by  Prof.  Louis  Agassiz  from  Heer,  of  which  more  than  forty  still 
remain  undescribed  ;  there  are  also  a  considerable  number  of  merely 
nominal  species  enumerated  by  Heer  in  his  Urwelt  der  Schweiz  and 
elsewhere,  duly  catalogued  by  me  in  my  Index  to  Fossil  Insects 
(Bull.  U.  S.  Geol.  Surv.  No.  71),  but  as  yet  neither  described  nor 
figured.  In  addition  to  this  it  may  be  noted  that  in  the  enumeration 
referred  to  above  Heer  mentions  543  species  of  beetles,  while  less 
than  270  nominal  species  have  yet  been  published  from  (Eningen, 
and  only  seven  species  from  the  Swiss  Miocene,  included  in  the 
enumeration. 

Recently,  by  the  request  of  Mr.  R.  D.  Lacoe,  of  Pittston,  Penn., 
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I  have  examined  with  some  care  hifi  large  colleotion  oF  fossil  inseots 
from  CBaingen,  lai^r,  perhaps,  than  any  outside  of  Zurich,  for  it 
oonsists  of  about  3500  specimens,  of  which  fully  one-half  may  be 
made  ose  of  to  adrantage.  From  the  better  specimens  I  have 
separated  over  four  hundred  species ;  and  as  not  a  few  unpublished 
forms  occur  among  them,  I  have  thought  that  a  summary  aocouut 
of  the  collection,  with  a  notice  of  a  very  few  of  the  forms,  might 
prove  interesting  to  others,  especially  as  I  can  add  some  statements 
regarding  species  detennined  and  named  by  Heer,  but  not  yet 
published,  certain  species  named  by  him  being  accessible,  as  already 
stated,  in  the  Museum  at  Oambridge,  and  a  few  in  my  own  small 
collection.     Altogether  I  have  examined  about  4000  specimens. 

The  428  species  which  I  have  separated  in  Mr.  Lacoe's  colleotion 
are  divi<led  among  the  orders  as  shown  in  the  following  table,  in 
which  they  are  placed  beside  Heer's  enumeration  of  the  species 
which  had  passed  through  his  hands,  and  each  reduced  to  per- 
centages for  better  comparison  :^> 


1 

1 

OrthoDtera  

In  Hsui*8  Collection.        In  Lacob's  Collsctign. 

No.  of 
Species. 

Percentage  of 
whole. 

No.  of 
Species. 

8 

13 

67 

294 

17 

0 
39 

Percentage  of 
whole. 

20 

29 
136 
543 

64 
3 

81 

-  16 

-  62 

+  7 
-  1 

+  9 

-  2 
+  3 

+  13 
-  69 

-  4 
0 

Neurontera 

Ilemiptera  

1  Coleoptera  

Diptera    

1  LeDidoptera    

1  HymenoDteni 

w«r                  1                       ,      , 

Total 

876 

100 

428                         100 

'                            1 

From  this  table  it  appears  that  the  relative  number  of  species  in  the 
different  orders  is  almost  strictly  identical  in  the  two  enumerations, 
and  enables  one  to  assert  with  much  assurance  that  in  number  of 
Bfiecies  the  Coleoptera  of  (Eningen  are  vastly  preponderant,  including 
about  two-thirds  of  all ;  and  that  first  the  Hemiptera,  and  next  the 
Hymenoptera  follow,  the  Diptera  lagging  somewhat  behind,  with 
a  feeble  and  not  very  differing  representation  of  Neuroptera  and 
Orthoptera. 

Among  the  Orthoptera  by  far  the  most  abundant  insect  is  Heer's 
Dectieus  specioBus,  of  which,  including  reverses,  I  have  seen  sixty- 
four  specimens,  all  tegmina,  and  in  one  case  accompanied  by  a  part 
of  the  hind  wings.  There  is  one  specimen  (No.  6861)  which  may 
be  another  species,  very  much  smaller  than  the  otliers,  which  vary 
from  43  to  60  mm.  in  length,  while  this  is  only  30  mm.  long.,  and 
yet  is  a  female.  Females  appear  to  be  more  frequently  preserved 
than  males,  for  of  such  as  can  be  distinguished,  the  basal  area  being 
sufficiently  preserved,  there  are  26  males  to  15  females.  It  is  not 
very  well  figured  by  Heer  in  his  woodcut,  since  the  pale  flecks  are 
not  roundy  or  only  oooasioDAJij  $o,  being  rather  ahort  obWc^xiQ  \>^t%\ 
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the  specimen  he  has  figured  also  does  not  show  the  costal  edge,  or 
rather  represents  the  costal  area  as  exceedingly  narrow,  and  thus 
gives  a  fedse  impression.  I  have,  therefore,  refigured  it  here  (PL  YI. 
Fig.  1).  The  insect  in  reality  belongs  to  Drymadu$a,  Stein,  and  is 
distantly  allied  to  the  living  European  D.  spectabilis.  Stein ;  but  it 
di£fers  from  it  in  having  straighter  and  slenderer  tegmina,  and 
considerably  narrower  costal  area ;  all  the  other  interspaces,  too,  are 
narrower,  and  while  the  neuration  is  practically  identical,  there  are 
no  stout  distant  cross-veins  between  the  principal  nervures  such 
as  are  present  in  the  living  species,  and  especially  in  its  female, 
though  occasionally  a  single  feeble  one,  or  possibly  two,  may  appear 
between  the  main  branch  of  the  posterior  radial  and  the  ulnar  at 
their  nearest  approximation,  or  at  the  base  of  the  former ;  as  in 
D.  Bpeetabilia,  the  main  branch  of  the  posterior  radial  arises  about 
opposite  the  extremity  of  the  mediastinal  vein. 

If  I  have  rightly  determined  as  Phaneroptera  vetu$ta,  Heer,  a 
number  of  specimens  from  (Eningen,  then  that  insect  belongs  to 
an  undescribed  extinct  type  of  Phaneropteridsd,  apparently  allied 
to  AryihcBan  St&l.,  and  in  which  the  tegmina  are  very  slender  and 
the  main  branch  of  the  anterior  radial  (Brunner's  nomenclature)  is 
united  near  its  base  to  the  ulnar  vein  by  an  oblique  and  strong 
cross- vein ;  this  main  branch  has  three  well  separated  branchlets, 
not  clustered  at  the  tip ;  if  the  ulnar  has  an}'  branches,  they  are 
exceedingly  slight  and  have  but  a  narrow  area  to  cross.  The  anterior 
radial  runs  in  the  apical  half  of  the  tegmina  midway  between  the 
mediastinal  (which  extends  far  towards  the  apex)  and  its  own  main 
branch,  and  in  the  upper  of  the  two  interspaces  thus  formed  the 
cross- veins  are  tolerably  numerous  and  oblique  (transverse  apically), 
in  the  lower  similarly  numerous  and  transverse. 

No  Orthoptera  belonging  to  the  true  Acrid idae  have  heretofore  been 
recognized  at  CEningen ;  but  in  Mr.  Lacoe's  collection  is  a  single 
specimen  (No.  6844)  and  its  reverse  of  the  larger  and  more  im- 
portant part  of  one  of  the  tegmina  of  an  insect,  showing  pretty 
clearly  by  its  form  and  neuration  that  it  belongs  to  Aeridium  in  its 
restricted  sense.  It  may  be  called  Aeridium  (Eningense  (PL  YI.  Fig.  2). 
The  posterior  branch  of  the  discoidal  vein  has  five  branches  with 
an  intercalary  between  each  pair;  the  median  vein  forks  in  the 
usual  manner,  presumably  in  the  middle  of  the  wing,  which,  if  so, 
is  then  about  51  mm.  in  length,  indicating  an  insect  about  the  size 
of  A,  iartaricumy  Linn. ;  the  ulnar  vein  forks  a  little  before  the 
median,  its  upper  branch  arching  towards,  but  in  no  way  connected 
with  it ;  what  is  remarkable,  and  found  in  no  other  Aeridium  or 
Srhistoeerea  I  have  noticed,  is  that  the  lower  branch  of  the  upper 
fork  is  itself  divided  soon  after  it  origin.  The  close  reticulation 
of  the  base  of  the  tegmina  extends  to  the  middle  of  the  wing, 
beyond  which  the  cells  are  quadrangular.  There  is  some  indication 
that  the  tegmina  were  broadly  mottled  or  clouded,  but  this  is  not 
certain.  The  length  of  the  fragment  is  nearly  36  mm.,  and  its 
breadth  8  mm* 

The  Neuropteia  of  the  collection  show  at  least  four  undescribed 
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speoies  of  Termitina^  of  whioh  one  belongs  to  CalotermeB,  a  genus 
not  before  recognized  at  GEningen,  while  the  others  appear  to  belong 
to  a  new  type  of  white  ants  with  closely  crowded,  branching,  sub- 
longitudinal  veins  in  the  anal  area.  There  are  also  several  species 
of  what  is  apparently  a  new  generic  type  of  Phryganidas. 

Two  or  three  specimens  of  a  Dragon  Fly's  wing  occur  (PI.  Vl. 
Fig.  3)  which  I  refer  with  little  doubt  to  Agrion  trts,  Heer.  They 
show  that  1  was  correct  in  referring  this  species  to  Levies  (Tert. 
Ins.  p.  127),  but  an  examination  of  these  specimens  shows  that  it 
cannot  be  placed  in  any  of  the  subgenera  established  by  de  Selys, 
in  his  "  Synopsis  des  Agrionines,"  1862,  but  is  strikingly  dififerent 
from  any  of  them,  though  apparently  nearest  Megalesles.  The  group, 
which  may  be  called  Sienolesies  (arevo^,  Lestes)  would  be  charac- 
terizeil  by  the  following  features,  which  from  the  fragments  preserved 
must  of  necessity  embrace  only  such  as  can  be  drawn  from  the 
portion  of  the  wing  beyond  and  including  the  nodus :  Nodal  sector 
arising  from  the  principal  at  about  eight  *  cells  beyond  the  nodus ; 
the  intercalary  ultranodal  sector  not  at  all  angulate,  but  its  general 
course  broadly  sinuous ;  all  the  other  sectors  straight,  except  when 
curved  next  the  margin ;  several  intercalary  sectors  between  the 
nodal  and  the  subnodal,  many  between  the  median  and  the  sector 
brevis  and  between  the  ultranodal  and  the  nodal,  but  excepting  at 
extreme  margin,  only  a  single  one  between  the  subnodal  and  the 
median  sectors.  There  are  about  thirty  postcubitals  and  the  ptero- 
8tigma  is  elongate,  about  five  times  as  long  as  broad,  and  surmounts 
eight  cellules,  an  exceptionally  large  number  for  a  Lestes. 

Among  the  Hemiptera  are  several  galls  easily  referable  to  Heer's 
Peniphigns  hursifex^  but  also  two  or  three  others  whioh  probably  or 
pretty  certainly  represent  the  work  of  other  plant  lioe.  There  are 
several  new  Jassidaa  and  Lygseidss.  In  the  Coreidas  Heer  has  recog- 
nized (Mu8.  Corap.  Zool.)  another  species  of  Syromastes  and  another 
AlyduSf  and  there  are  six  or  eight  new  species  of  this  family  in 
Mr.  Lacoe's  collection.  The  Pentatomidaa  are  the  most  numerous 
group,  and  here  again  Heer  has  recognized  an  additional  species 
each  of  Cydnopsia  and  of  Pentatoma,  while  in  Mr.  Lacoe*s  collection 
there  are  eleven  species  of  Cydnopsis,  of  which  five  are  new,  and 
there  is  an  additional  species  perhaps  referable  to  Eurydema. 

The  Coleoptera  are  too  numerous  to  mention  in  much  detail,  but 
of  genera  among  Curculionidse  not  before  noted  at  (Eningen  I  have 
recognized  BalaninuSy  Baris  ?  Cryptorhyuchmj  TychiuH,  Bagous,  Tuny' 
tphyruSf  RhinocylluSt  HylobiuSt  and  Plinthus ;  wliile  Heer  recognizes 
CionuB,  Phyionomus,  Hipporhinus,  and  Ilypera,  besides  half  a  dozen 
additional  8[>ecies  of  Cleonus  and  two  each  of  Larinus  and  Sitona  ; 
I  have  also  referred  several  species  each  to  Hipporhinus  and 
Sitona^  and  find  new  species  of  Fhytonomus  and  Apion,  Among 
the  OliorhynchidsB  I  am  inclined  to  refer  several  species  to 
Oliorhynchus  and  one  to  Tanymecti8f  while  others  appear  to  fall 
in  the  neighbourhood  of  Aphrastus,  Artipns,  Ophryastes,  Liparus, 
and  EpiccBrus,      Heer   recognizes    two  additional  species  of   Lylta 

^  It  is  at  the  most  from  three  to  five  cells  beyond  the  nodus  in  all  modern  types. 
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among  the  Meloidn,  and  I  have  seen  others,  while  one  of  his 
appears  to  be  identical  with  his  Prionun  spedabilis;  all  these  are 
mainly  represented  by  elytra  only.  Among  the  Cbrysomelidss,  Heer 
recognizes  a  new  Gahruea  (of  which  there  are  seventy  specimens 
in  Mr.  Lacoe's  collection)  and  a  new  Chry»omela  and  Oreina ; 
other  new  species  before  me  seem  to  be  referable  mostly  to  genera 
already  known  from  (Eningen.  Heer  names  a  new  Prionns  only  in 
the  Cerambycidae ;  but.  in  Mr.  Lacoe*8  collection  are  a  number  of 
striking  new  forms  which  appear  to  fall  in  genera  allied  to 
Agapanthia,  Desmocerua,  Tyhnotus,  and  Qdlidivm.  There  is  little 
that  is  new  among  the  Scarabseidas :  but  Heer  names  a  new  MeloUm- 
ihiies,  and  in  Mr.  Lacoe*s  collection  is  a  new  Geoirupes  and  something 
near  TriehiuB,  Ptinidsd  have  not  heretofore  been  recognized  at 
CBiiingen,  but  I  have  seen  what  is  probably  an  Anobium,  In  the 
Lampyridsa,  Heer  names  an  additional  Lampyris,  and  Mr.  Lacoe's 
collection  contains  three  species  in  whole  or  in  part  referable  to 
TflephorvB,  In  the  Buprestidsa,  Heer  recognizes  AgriluM  and  names 
new  species  of  Peroiis,  CapnodtB,  and  BvpreMet,  while  in  Mr. 
Laooe*s  collection  are  undescribed  species  of  AgriluB,  Acmaod/tra^ 
and  Ancyhcheira  ?  Heer  sent  Agassiz  three  species  of  Elaier  and 
five  different  species,  unnamed,  which  he  referred  to  Elateritei. 
Mr.  Lacoe  po8seM«es  nuinerons  examples  of  two  of  these  species 
of  Elaier  besides  two  others,  and  of  other  Elateridae  a  new  Cardio* 
phoru8f  two  new  species  of  Ampediit  ?  and  two  referred  with  doubt 
to  Eucnemis,  Heer  names  two  new  species  each  of  Niiidtda  and 
Bhter,  and  one  of  Coccinella^  while  Mr.  Lacoe  has  two  other  new 
species  of  Coecinetla  and  two  falling  somewhere  near  Rhizohtus, 
None  of  the  described  Stapbylinidaa  are  in  Mr.  Lacoe*8  collection; 
but  the  four  Rpecies  which  it  contains  appear  to  fall  in,  or  in  the 
vicinity  of,  Megnrthue,  Acidota,  Oxyporus,  and  StaphyHnuB.  In  the 
.Hydrophilidae,  Heer  names  a  new  Hydrohiva;  and  a  new  species  of 
BydrophiluB  allied  to  //.  spectahUis,  Heer,  but  slenderer  and  smaller, 
occurs  in  Mr.  Lacoe*s  collection.  Finally,  in  the  Carabidsa,  Heer 
names  two  new  species  of  Harpalus  and  an  Elaphrna,  a  genus  not 
before  recognized  at  CEningen;  while  in  Mr.  Lacoe's  collection  I  find 
three  other  new  species  apparently  referable  to  Hnrpalus,  two  new 
species  of  PteroftlchuBy  one  which  may  be  a  new  iimara,  and  others 
which  appear  to  fall  in  or  near  Badister,  Diploehila,  and  Bembidium^ 
besides  a  remarkable  new  Caloaoma. 

Six  species  of  Caloaoma  are  already  known  from  (Eningen.  The 
seventh,  to  which  it  seems  well  to  call  attention,  is  represented  only 
by  elytra  (PI.  VI.  Fig.  4),  as  is  the  case  with  most  of  the  species 
already  figured ;  but  it  is  readily  distinguished  from  all  of  them  by 
the  double  number  of  strias,  there  being  thirty-two  instead  of  sixteen, 
which  is  the  most  other  fossil  Caloaoma  have.  The  striss  are  more 
delicate  than  in  the  other  species,  but  perfectly  sharp,  and  are 
delicately  punctate  throughout,  the  punota  in  one  stria  about  as 
distant  as  those  of  neighbouring  striae.  There  are  no  large  impressed 
punota  (a  character  common  to  two  other  species  from  CEningen), 
and  the  transverse  striation  of  the  interstices,  peuuliar  to  Caloaoma, 
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is  very  fidnt.  The  twelfth  stria,  counting  from  the  sutural  edge, 
torminates  abruptly  a  little  beyond  the  middle  of  the  distal  half  of 
the  elytra,  and  the  four  adjoining  striae  on  one  side  unite  with  their 
mates  of  the  other  side,  by  curving  around  its  extremity  in  wider 
and  wider  curves,  while  the  sixth  and  seventh  unite  in  a  similar  but 
much  more  angular  fashion  with  the  eighteenth  and  seventeenth. 
In  like  manner  the  twenty- fourth  stria  from  the  sutural  margin 
terminates  almost  exactly  at  the  middle  of  the  distal  half  of  the 
elytra,  and  the  twenty-second  and  twenty-third  strisB  unite  with 
■the  twenty-sixth  and  the  twenty-fifth  around  its  extremity.  One 
elytron  (that  figured  No.  4873)  is  16  mm.  long,  and  5-2o  mm.  broad  ; 
a  second  (No.  4878)  less  perfect  one  is  a  trifle  larger.  The  form  of 
elytron  is  almost  precisely  that  of  C.  nauckiannmy  Heer,  from 
(Eningen,  but  has  a  slightly  more  produced  apex.  The  species  may 
be  called  CaloBoma  Heeri, 

Among  the  Diptera,  a  single  specimen  occurs  of  a  new  generic 
type  of  Tabanidfe,  allied  to  Tahanw,  in  which  the  upper  sinuate 
branch  of  the  third  longitudinal  vein  is  widely  forked  at  the  tip, 
and  the  lower  branch,  curving  downward,  terminates  not  on  the 
border  of  tbe  wing  but  on  the  upper  branch  of  the  fourth  longi- 
tmlinal  vein  just  before  its  apex  (No.  7056).  There  are  two  species 
of  Tiptda,  at  least  one  of  them  a  Tipnla  in  the  narrowest  sense. 
The  Bibionidae  consist  of  three  species  of  Pleeia  and  two  oi  Penthetriaf 
none  of  which  can  be  referred  to  described  species. 

There  is  a  single  specimen  (No.  6893)  of  a  minute  fly,  unusually 
well  preserved,  indicating  a  new  genus  of  Mycetophiiidae,  which  may 
he  called  Neeromyza  (vcKpo^y  pv^w).  The  marginal  vein  of  the  wing 
reaches  the  end  of  the  subcostal ;  the  auxiliary  vein  impinges  on 
the  subcostal  just  beyond  the  origin  of  the  cubitus,  which  arises  at 
about  two-fifths  tbe  distance  from  the  base  to  the  apex  of  the  wing ; 
the  brachial  cross- vein  is  at  the  middle  of  the  wing;  the  second 
posterior  cell  extends  back  to  the  humeral  cell  itself,  and  the  fourth 
posterior  cell  is  even  longer,  reaching  as  far  as  the  middle  of  the 
humeral  cell.  These  characters  easily  distinguish  it  from  any 
Mycetophilidaa  known  to  me,  the  most  nearly  allied  being,  perhaps, 
Brachypeza.  The  hind  thighs  are  stout,  longer  than  the  thorax ; 
the  hind  tibisd,  which  are  twice  as  stout  at  apex  as  at  base,  are 
armed  with  a  pair  of  stout  apical  spines  half  as  long  as  themselves, 
while  the  hind  tarsi  are  half  as  long  again  as  the  tibisB.  The  insect 
is  3  mm.  long.  The  wings  are  faintly  fuliginous,  and  the  antennie, 
chancing  to  converge  in  front  of  the  head,  give  an  appearance  of 
a  long  beak.     It  may  be  called  Neeromyza  pedata  (PI.  YI.  Fig.  5). 

The  only  other  Diptera  of  interest  are  three  species  of  Cecidomyian 
galls,  one  probably  to  be  referred  to  Ceeidomyia  Bremii,  Heer. 

Among  the  Hymenoptera,  the  ants  comprise  the  bulk  of  the 
material,  and  there  seem  to  be  several  new  species  of  Formica  and 
Myrmiea,  besides  some  others  of  uncertain  position,  but  certainly 
new,  and  still  others  falling  near  Sima  and  Prionomyrmex,  There 
is  a  species  of  Sphex,  a  genus  already  recognized  by  Schoberlin, 
bat  not  by  Heer,  and  an  insect  which  may  possibly  be  Bombus 
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grand  v««,  Heer,  but  which  belongs  to  a  new  genas  of  Apidas,  in 
which  the  neuration  more  closely  resembles  that  of  Encera, 

EXPLANATION  OF  PLATE  VI. 

Fio.  1.  Diymadtua  Mpeeiota^  Heer,  sp. ;  male  fore-wing  f. 

Fio.  2.  Aeridimn  (Efnngetue^  sp.  nov. ;  fore-wing  f . 

Fio.  3.  Stenolestet  trit,  Heer,  sp. ;  outer  portion  of  fore-wing  f • 

Fio.  4.  Calowma  Heeriy  sp.  nor. ;  elytron  f . 

Fio.  5.  Nteromyza  ptdata,  sp.  noT. ;  •^. 


rV. — An  Intebestinq  Contaot-Rook,   with  Notes  on  Contaot- 

METAMORPmSM. 

By  W.  Matnard  HvTCHiNOSy  F.G.S. 

FOR  a  considerable  time  past  I  have  been  engaged,  in  collaboration 
with  Mr.  E.  J.  Oarwoo<1,  in  an  investigation  of  the  rocks  in 
contact  with  the  Whin  Sill.  The  results  of  our  joint  work,  geological, 
petrographical,  and  chemical,  will  be  published  in  detail  in  due 
course.  In  the  meantime  there  are  some  special  observations,  made 
on  some  of  the  rocks  in  question,  which  have  more  or  less  bearing 
on  some  of  the  points  dealt  with  in  ^a  paper  I  contributed  to  the 
GsoLOGiOAL  Magazine  last  year  (Obol.  Mao.  1894,  pp.  36  and  64). 

These  observations  having  been  made  since  that  paper  was  printed, 
I  have  thought  that  it  may  be  worth  while  to  give  an  aooount  of 
some  of  them,  more  especially  as  regards  an  interesting  bed  of 
altered  shale  which  occurs  at  Falcon  Glints.  It  is  at  this  locality 
that  the  contact-action  of  the  Whin  Sill  is  very  strikingly  developed, 
there  being  an  exposure  showing  fine  garnet-limestones  and  other 
altei'ed  rocks.  The  bed  in  question  is  75  feet  below  the  contact, 
from  which  it  is  separated  by  a  series  of  layers  of  limestones, 
sandstones,  and  shales,  all  altered.  It  is  8  feet  thick,  and  rests  on 
the  basement  conglomerate  of  the  Lower  Carboniferous. 

It  is  for  the  most  part  a  darkish  gray,  compact  rock,  with  no 
remaining  fis8ility.  Its  appearance  is  in  many  respects  like  that  of 
some  felsites.  Its  most  striking  macroscopic  characteristic  is  that 
it  contains  large  numbers  of  spherical,  and  approximately  spherical 
bodies,  like  peas,  and  of  various  sizes  up  to  rather  over  half  an  inch 
in  diameter.  These  nodules  are  of  a  darker  colour  than  the  rock. 
They  are  not  at  all  evenly  dispersed  in  it,  being  at  some  places 
comparatively  rare  and  scattered,  while  at  others  they  are  closely 
packed,  and  in  some  cases  touch  one  another.  At  some  parts  of  the 
rock  they  can  be  easily  taken  out  unbroken,  leaving  perfect  hollows 
where  they  have  been  ;  at  others  they  are  not  in  this  loose  condition, 
and  can  only  be  got  out  in  bits  by  smashing  the  specimen.  This 
difference  is  due  to  a  slight  weathering-action  having,  in  some  of 
them,  caused  the  formation  of  a  less  coherent  skin  between  the 
nodule  and  the  containing  rock. 

Microscopic  examination  shows  that  this  bed  is  not  quite  uniform 
in  its  nature  throughout,  and  chemical  tests  confirm  this.  Thicker 
beds  of  shale  or  clay  in  the  Carboniferous  are  nearly  all  found  to 
vary  in  nature,  as  successive  layers  contain  varying  proportions 
of  quartz  and  of   fine  clay-material,    so  that  their  chemi(»d;  com- 
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.position  may  differ  a  good  deal  quantttativeli/ ;  and  it  is  partly  to 
such  initial  variations,  and  partly  to  consequent  differences  in  the 
roetamorphic  action  of  the  igneous  rock,  that  we  must  ascribe  the 
dififerences  that  we  find  in  the  microscopic  examination  of  slides 
from  several  points  in  this  bed,  which  is  macrosoopically  a  fairly 
uniform  mass. 

To  give  an  idea  of  this  interesting  rock  it  will  be  best  to  describe 
separately  two  or  three  typical  sections,  whose  nature  will  give 
a  good  general  idea  of  the  various  points  to  be  observed  at  this 
exposure  of  the  bed  in  question. 

Thus,  from  numerous  hand-specimens  collected  near  together,  several 
slides  have  been  made  in  which  some  of  the  spots  have  been 
included ;  in  this  case  spots  which  are  firmly  incorporated  in  the 
rock  and  cannot  be  detached. 

In  ordinary  light  a  very  thin  section  shows  the  main  portion 
of  the  rook  to  be  composed  of  a  uniform  gray  mass,  in  which  are 
bedded  abundant  grains  of  clastic  quartz  of  an  average  size  of  about 
iV  inch,  but  ranging  up  to  as  much  as  Vtr  inch  in  diameter.  The 
gray  ground-mass  shows  a  vast  number  of  rutile-crystals  of  very 
small  size.  They  are  not  in  the  form  of  the  **  clay-slate  needles," 
bat  in  the  relatively  short  and  blunt  form,  with  definite  terminal 
developments,  so  usual  in  altered  rocks.  There  are  also  the 
niiiuerous  small  zircons,  and  the  small  hemihedral  crystals  of  tour- 
maline, so  characteristic  of  clays,  shales,  and  slates.  In  all  respects 
this  rock  corresponds  to  an  altered  moderately  quartzy  clay  or  shale, 
such  as  can  be  examined  in  any  number  of  iustauces  in  the  Carboni- 
ferous beds 

In  poL'rized  light  this  gray  ground -mass  shows,  however,  most 
interesting  developments.  Most  of  it  is  seen  to  consist  of  rounded, 
irregular,  or  more  or  less  definitely  bounded  grains  of  a  mineral, 
or  minerals,  lying  bedded  in  and  surrounded  by  a  material  which  is 
mostly  quite  isotropic,  but  at  other  times  shows  an  indistinct  effect 
of  birefractive  substances  developing  within  it. 

At  some  places  we  have  the  polarizing  grains  closely  packed 
together,  with  so  little  of  the  surrounding  isotropic  material  that 
they  amount  to  a  true  interlocking  mosaic ;  at  others  they  are  very 
much  more  separated,  and  we  have  quite  large  spaces  of  the  sur- 
rounding material,  perfectly  isotropic,  but  containing  the  swarms 
of  minute  rutiles,  small  fiakes  of  white  mica,  and  a  certain  amount 
of  indistinct  dusty  and  granular  substances  diffused  in  it. 

A  large  portion  of  the  polarizing  grains  can  be  proved  to  be 
quartz,  some  of  them  can  be  identified  as  felspar,  though  this 
is  more  difficult,  and  a  good  proportion  cannot  be  made  to  give  any 
definite  optic  tests  at  all.  The  grains  are  not  yet  water-clear,  nor 
yet  so  sharply  defined  as  those  of  a  perfectly  developed  contact- 
mosaic;  there  is  a  certain  amount  of  dimness  in  them,  which  is 
accentuated  also  by  their  envelopment  in  isotropic  base  full  of 
micnilites.  It  is,  however,  certain  that  we  have  here  a  production, 
due  to  the  metamorphism  of  the  shale,  of  quartz  with  more  or  less 
of  felspar.     All  these  grains  are  in  every  way  perfectly  and  sharply 
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distingiiished  from  the  original  clastic  grains  of  th«  ihala  ;  tii 
coiilit  bjr  any  poMibility  be  mistaken  fur  onKinal  material, 
if  only  for  the  reason  that  they  are  full  of  minute  rulilea  and 
materinl  from  which  tha  olaslio  grains  are  quite  free. 

Here  and  there  white  mica  is  developed  in  larger  flakes, 
in  all  directions,  and,  as  before  remarked,  there  is  a  good  i 
the  mineral  in  minute  flakeWts.  But,  ou  the  whole,  mioa 
suboi'dinale  mineral  in  thfse  Hpeoinl  slides. 

The  clastic  quarlE-grains  are  a  very  interesting  study.  Tbi 
all  more  or  less  corroded  and  altered  round  their  outer  po 
llie  angular  outlines  of  tbe  original  grains  are  in  nearly  all 
quite  preserved,  but  the  outer  portiuna  ai-e  no  longer  quartz, 
are  seen  to  be  attacked  and  altered  by  the  material  of  the  ist 
bane,  and  the  altered  rim  so  produced  contains  a  large  amoi 
white  mica.  In  many  grains  this  mica  is  seen  to  penetratt 
into  tha  quartz  in  little  bays  and  gulfs,  or  as  isolated  streah 
is  largely  in  the  form  of  sheaves  and  radiating  groups  of  flak« 

Id  some  oaaea  the  corrosion  and  alteration  of  the  qunrtz-gra 
taken  an  even  more  striking  form.  Thus,  e  </.,  one  grain  w: 
average  diameter  of  ^  inch  is  altered  to  about  half  its  extent, 
inner  portion  is  still  pure  unaltered  quartz,  with  its  oavitit 
bubbles;  tbe  outer  part  is  faint  yellowish  ia  oolour,  and 
sharply  marked  off  in  ordinary  light  from  the  original  m 
With  lowered  condenser  it  shows  a  granular  and  fibrous  stm 
in  polarizeil  light  it  ie  seen  to  consist  of  clear  transparent  ist 
matter,  and  to  contain  numerous  slieaves  and  spherulitio  buni 
polarizing  fibres  and  needles,  which  can  be  uplioally  identil 
felspar.  Tbe  outer  boundaries  of  the  original  grain  are  quite  k1 
marked  off  against  the  surrounding  mass  of  hard  mosaic  an 
tropic  matter. 

In  other  corroded  quartz-grains  nests  of  antbrophyllits 
formed,  as  clusters  of  prismatic  needles;  or  we  have  beautifnl 
deposits  of  andalusite  crystals  in  elongated  prismatic  form,  wi 
diohroism  unusually  well  shown. 

Turning  now  to  the  nodules  which  are  out  in  these  seotioi 
find  points  of  great  interest,  which  assist  us  in  interpretir 
nature  of  the  rook  and  tbe  processes  by  which  it  has  been  a 
The  nodules  are  sharply  detlned,  and  are  darker  at  the  edgei 
towards  the  centres.  This  darkness  is  due  to  oonoentrati 
pigment,  and  also  Ut  the  presence  of  some  ferruginous  ool< 
in  parts.  In  these  nodoles  are  large  patches  of  perfectly 
transparent,  almost  colourless,  and  quite  isotropic  matter,  cent 
no  rutiles  or  other  enclosures.  Wiut  high  powers  and  with  ai 
illumination,  it  may  he  seen  that  these  patches  are  not 
structureless.  There  is  a  minute  granulation  discernible,  a 
some  of  them  it  passes  to  a  fibrous  condition.  Other  patol 
similar  material  oimtain  large  bundles  and  sheaves  and  sphe 
aggregates    of  felBpar-needles    with   a   little  quartz.'      And 

<  It  used  to  be  coosidered  that  is  shesTM  and  sphenilit«B  of  tbia  dexri] 
lugtHint  flbrea  irere  felapar  sod  all  pvtilm  fibres  were  qusttt,  but  it  h 
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mediate  stages  may  be  seen  in  which  the  needles  of  felspar  and 
qnartz  are  be^i^inning  to  form  in  the  isotropic  matter,  and  so  on  down 
to  a  stage  where  the  patches  just  begin  to  pass  from  the  isotropic 
state  into  a  development  in  which  tliey  commence  to  show  a  faint 
aod  speckly  polarization. 

In  some  of  the  nodules  large  amounts  of  anthrophyllite  needles 
have  formed  in  the  patches,  and  a  little  andalusite  is  also  seen. 
These  fields  of  isotropic  matter,  and  the  new  formations  of  minerals, 
are  seen  in  these  special  slides,  mainly  at  the  outer  portions  of  the 
nodales,  and  at  these  parts  there  are  none,  or  very  few,  of  the 
original  clastic  quartz-grains,  while  such  as  are  there  are  much 
corroded  away,  and  often  represented  only  by  small  residues. 

In  the  inner  portions  the  clastic  grains  are  as  abundant  and  as 
regularly  dififused  as  in  the  main  mass  of  the  rock,  while  the  new 
formations  are  much  less,  or  are  absent,  except  that  a  little  isotropic 
matter  lies  in  among  and  around  the  grains,  and  here  and  there 
a  little  new  mosaic  is  formed. 

Full  stndy  of  these  sections  gives  the  impression  that  we  are 
here  looking  at  a  very  interesting  and  instructive  stage  of  the 
metamorphism  of  a  shale.  The  finer-grained  material  has  been 
completely  afifected  by  the  re-solution  of  a  large  part  of  its  original 
constitnents,  and  out  of  the  matter  so  formed  a  mosaic  of  quartz 
with  felspar  is  seen  in  process  of  crystallizing.  The  process  was 
brought  to  a  close  before  such  re-cry stallization  was  complete,  and 
80  we  have  left  for  our  observation  a  large  proportion  of  the  residual 
substance,  which  we  may  regard  as  representing  the  indefinite 
product  of  solution,  or  of  aqueous  fusion,  of  some  of  the  original 
constituents,  which  we  have  such  good  reason  to  conclude  takes 
place  in  the  processes  of  contact-metamorphisra. 

In  the  larger  quartz-grains  we  see  that  this  process  of  solution 
was  attacking  them  to  a  considerable  degree,  and  had  it  continued, 
would  have  completely  dissolved  them  away.  That  we  can  here 
see  all  this  in  progress,  as  it  were,  is  due  to  the  fact  that  we  are 
dealing  with  the  effects  of  only  a  moderate  bulk  of  igneous  rock, 
and  to  other  favourable  circumstances.  If,  for  instance,  the  meta- 
morphism were  due  to  a  large  mass  of  granite  (or  to  a  similarly 
large  mass  of  dolerite),  the  earlier  conditions  which  caused  the 
solution  (or  aqueous  fusion)  of  the  constituents  would  have  lasted 
long  enough  to  destroy  the  clastic  quartz-grains  to  a  far  greater 
extent,  or  entirely  ;  and  the  conditions  during  which  the  re-crystal- 
lization went  on  would  have  also  lasted  longer,  and  we  should  have 
Lad  a  completed  **  con  tact- mosaic  *'  with  either  no  residual  "base" 
or  only  a  small  amount  of  it,  and  this  not,  or  only  to  a  small 
extent,  isotropic,  such  as  we  may  see  in  the  aureoles  round  some 
granites. 
In  the  nodules,  as  above  described,  we  have  the  same  process 

demonstrated  that  this  is  not  necessarily  so,  as  felspar  fibres  may  also  be  positive, 
though  it  is  more  rare.  So  that  though  negative  fil)res  are  felspar  only,  positive 
fibres  may  be  either  felspar  or  quartz,  and  the  relative  degree  of  bi-refraction  must 
u^ist  in  distinguishing  as  far  as  possible.  (See  full  resume  of  this  subject  in 
Zirkel's  Petrographie,  vol.  i.  1893,  pp.  474  and  476.) 
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going  on,  but  under  special  modiGoations  whioh  are  not  readily 
explioable.  The  solation  of  original  materials  has  taken  plaoe  very 
completely  at  the  outer  parts  of  the  nodules,  so  much  so  that  here 
even  quartz-grains  have  disappeared  and  we  have  areas  wholly  made 
up  of  the  product  of  the  solution.  Here  also  we  see  a  gradual  and 
unmistakable  crystallizing  out  of  felspar  and  quartz  in  this  material, 
in  an  even  more  striking  manner  than  in  the  main  mass  of  the 
took,  because  we  can  here  more  distinctly  trace  the  passage  of  this 
isotropic  base  into  an  aggregate  of  different  minerals. 

It  may  be  noted  that  the  formation  in  these  nodules,  and  else- 
where in  the  rock,  of  isolated  patches  of  anthropbyllite  and  andalusite, 
tends  to  the  conclusion  that  the  inter-action  of  the  components  of 
the  shale  was  not  limited  to  such  very  short  distances  as  have  been 
inferred  by  observers  in  other  cases  (see  Harker  and  Marr,  Quart. 
Joum.  Geol.  Soa,  vol.  xlix.  p.  368),  but  that  a  more  considerable 
amount  of  interchange  and  transfer  of  materials  has  taken  place.  A 
similar  opinion  was  expressed  by  Miss  Gardiner  in  respect  of 
contact-rocks  at  New  Galloway  (see  Quart.  Joum.  Geol.  Soc.,  vol. 
xlvi.  p.  579).  The  analysis  of  a  band-specimen  from  which  some 
of  the  sections  described  above  were  cut  gives — 
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We  can  now  consider  other  series  of  slides  and  see  other  phases 
of  the  same  proceHses.  As  regards  the  main  mass  of  the  rock, 
we  have  variations  in  the  relative  amounts  of  the  components, 
and  of  their  present  condition.  At  some  parts  there  is  much  more 
mica  and  very  little  of  the  mosaic  of  good-sized  grains  of  quartz  and 
felspar  forming,  with  little  or  none  of  the  isotropic  matter.  The 
amount  of  clastic  quartz,  and  the  size  of  the  grains,  varies  also,  and 
so  does  the  degree  to  which  they  are  attacked  and  corroded.  Other 
specimens  may  be  obtained  of  which  slides  show  that  they  consist 
in  the  main  of  a  fine-grained  aggregate  of  quartz  and  felspar, 
passing  down  into  a  quite  cry ptocrystal line  felsitic-looking  mixture, 
and  opening  up,  on  the  other  hand,  here  and  there  into  numerous 
clear  and  glassy  patches,  which  in  polarized  light  are  seen  to 
consist  wholly  of  groups  of  well-twinned  plagioclase,  which  can 
be  identified  as  albite  in  many  individuals,  whilst  the  extinctions 
of  some  others  point  to  the  probable  presence  of  a  species  allied 
to  oligoclase. 

These  very  fine-grained  mixtures  of  quartz  and  felspar  (mainly 
albite)  are  a  frequent  product  of  the  alteration  of  shales  or  slates 
by  dolerites  (diabase),  and  are  fully  described  by  authorities  writing 

^  A  part  is  present  as  ferrous  oxide — hence  excess  in  the  analysis. 
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on  8Qoh  altemtions  in  the  Harz  and  elsewhere.  They  are  also  seen 
at  other  parts  of  the  Whin  Sill  contacts,  hesides  the  locality  with 
which  we  are  now  dealing.  They  are  known  as  adinoles,  and  will 
be  so  spoken  of  in  what  follows.  A  large  part  of  the  typical  adinoles 
•hows  the  mixture  of  qaartz  and  felspar  in  a  quite  unresolvahle, 
cry ptocrystal line  condition,  and  its  true  nature,  apart  from  chemical 
evidence,  can  only  he  ascertained  through  the  circumstance  that 
nearly  all  occurrences  of  it  open  up  here  and  there,  in  perfect 
continuity,  into  patches  of  so  much  coarser  grain  that  the  com- 
ponentB  can  be  dearly  made  out. 

It  is  usual  to  designate  as  adinole  more  specially  the  contact-rock 
close  to  the  intruded  igneous  mass,  and  to  associate  with  the  name 
also  an  increased  percentage  of  silica,  which  it  can  he  shown  in 
many  cases  to  possess.  But  there  are  many  reasons,  upon  which 
I  need  not  enter  here,  why  these  restrictions  should  not  be  placed 
upon  the  name,  and  in  favour  of  the  rationality,  in  adopting  the 
term,  of  applying  it  to  all  the  alteration-products  of  shales,  slates, 
eta,  by  basic  intrusions,  in  which  a  fine-grained  mixture  of  quartz 
and  plagioclase  has  resulted. 

As  regards  the  nodules,  they  vary  minernlogically  in  every  degree 
of  quantitative  composition,  but  seem  to  be  all  due  to  the  different 
degrees  of  the  same  processes  indicated  above.  Many  of  them 
show  nothing  beyond  an  aggregation  of  pigment,  and  a  quite  narrow 
ring  of  material  differing  from  the  rock  outside  and  inside  their 
areas.  These  occur  in  parts  of  the  rock  whicli  are  not  so  much 
affected  by  re-solution  of  materials.  The  quartz-grains  are  very 
little  attacked  in  these  cases,  and  are  the  same  inside  as  outside 
the  ring.  Such  nodules  are  really  to  be  described  as  mere  shells 
of  a  special  alteration -product,  enclosing  areas  of  the  less  altered 
or  differently  affected  material  among  which  they  have  been  formed. 
Id  other  nodules,  again,  the  shell  widens  and  can  be  better  studied, 
and  it  is  seen  that  instead  of  fields  of  isotropic  matter  with  sheaves 
and  spherulites  of  felspar  and  quartz,  we  often  have  the  aditiole- 
material  varying  from  cry  ptocrystal  line  to  microcry  stall  ine.  In 
Buch  bands  the  clastic  quartz  is  in  all  stages  of  disappearance. 
Sometimes  it  is  quite  gone,  but  more  usually  corroded  grains  may 
still  be  seen,  the  final  stage  being  that  only  small  blebs  and  speckles 
of  it  remain  to  show  where  the  larger  grains  once  were.  Where 
the  shell  is  of  any  considerable  width  it  is  very  often  distinctly 
banded  in  concentric  layers  of  more  or  less  varying  colour,  and 
it  frequently  varies  also  in  the  degree  of  crystalline  development 
in  these  layers.  There  are  also  frequently  concentric  cracks  in 
these  shells,  which  appear  to  indicate  some  strain  during  final 
cooling  of  the  rock,  or  more  probably  during  the  final  consolidation 
and  crystallization  of  the  material  forming  the  shells. 

These  shells  of  more  considerable  width  still  surround  and  enclose, 
in  most  cases,  a  kernel  of  the  altered  rock,  similar  to  what  exists 
outside,  but  there  are  also  cases  in  which  the  entire  nodule  consists 
of  this  adinole  material,  and  we  have  then  approximately  spherical 
bodies  of  more  or  less  banded  substance,  yellow  to  brownish  in 
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colour,  with  do  remains  of  the  quartz-grains  of  the  rook  except  the 
little  residual  blebs  and  grains,  and  streaks. 

Where  such  largely  or  fully-developed  nodules  of  adinole  are 
seen  we  have  also  a  formation  of  the  same  material  in  the  main 
mass  of  the  rock,  among  the  clastic  quartz-grains ;  but  the  action  in 
these  nodules  has  always  been,  as  it  were,  intensified.  We  do  not 
see  in  the  main  mass  any  such  areas  of  complete  dissolving  of  the 
quartz,  and  complete  development  of  adinole,  comparable  to  thoee  of 
some  of  the  large  nodules. 

It  may  be  mentioned  that  in  addition  to  this  exposure  at  Falcon 
Glints,  there  is  another  occurrence  of  nodules  known  in  the  contacts 
of  the  Whin  Sill.  It  is  seen  exposed  at  Rowntree  Beck,  and  is  here 
again  in  a  bed  of  altered  shale,  24  feet  below  the  junction.  They 
are  of  larger  size  than  those  described,  having  longest  diameters  of 
as  much  as  2  inches,  and  are  more  flattened  in  shape.  One  such 
large  nodule,  studied  in  thin  sections,  shows  that  the  outer  portion 
is  again  composed  mainly  of  adinole,  while  the  inner  part  is 
a  mosaic  of  quartz,  perfectly  "regenerated,"  the  grains  inter- 
locking  and  containing  abundance  of  the  enclosures  of  little 
rounded  fnsed-l coking  globules,  so  characteristic  in  typical  contact- 
mosaics.  Dispersed  through  the  nodule  is  a  large  amount  of 
anthrophyllite,  and  there  is  also  a  good  deal  of  chlorite  (delessite) 
which  has  resulted  from  its  decomposition. 

These  large  nodules  differ  in  some  respects  of  detail  from  the 
former  examples ;  but  there  can  be  no  doubt  that  they  owe  their 
formation  to  the  same  processes  and  respresent  the  drawing  together 
and  concentric  deposition  of  a  substance  formed  in  the  shaie  during 
con  tact- metamorph  ism,  the  action  of  the  substance  having  been  also 
intensified  and  more  highly  developed  owing  to  such  concentration. 

In  my  former  paper  on  contact-action,  I  spoke  of  a  material  which 
can  be  seen  in  among  the  minerals  of  some  altered  slates  at  granite- 
eontaots.  In  its  most  typical  form  of  occurrence  it  shows  a 
characteristic  granular  structure  in  ordinary  light,  and  with  crossed 
nicols  it  shows  either  a  minutely  speckly  polarization,  or  stages  of 
the  development  of  this  into  white  mica  and  other  minerals.  I 
pointed  out  that  this  material  is  perfectly  new^  bearing  no  relation- 
ship to  anything  which  existed  in  the  unaltered  slates  or  shales,  and 
that  its  appearance  is  so  very  characteristic  that  once  remarked  and 
studied  it  can  never  be  overlooked.  My  suggestion  was  that  this 
material  also  represents  in  these  rocks  the  residues  of  the  dense 
solutions,  or  aqueous  fusions,  of  some  of  the  constituents,  such 
solutions  having  acted  as  solvents  and  transformers  of  other  com- 
ponents not  originally  dissolved. 

This  substance,  with  all  its  appearances  and  characteristics  as 
described,  is  more  or  less  present  in  many  of  the  altered  shales  near 
the  Whin  Sill.  It  is  seen  in  varying  amount  in  the  rock  I  have 
been  describing,  though  here  its  development  is  'not  very  pro- 
nounced, the  isotropic  matter  being  in  much  greater  abundance.  It 
always  bears  the  same  relationship  to  the  other  minerals  as  it  does 
at  granite-contacts. 
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Since  writing  the  former  paper  I  have  examined  speoimens  of  it 
on  a  niuoh  better  soale  than  any  I  had  then  seen.  Thus  there  are 
ooourrences  of  shale  at  oontaot  with,  or  enclosed  in  the  Whin  Sill 
mass,  which  have  been  left  altered  mainly,  and  in  one  case  almost 
wholly,  t«>  this  condition.  One  such  rock  gives  sections  which  are 
made  op  entirely  of  a  ground-mass  of  this  fine  speokly  material,  not 
far  removed  from  an  isotropic  condition,  with  a  good  amount  of 
white  mica  and  a  little  dark  mica  crystallizing  out  of  it  in  radial 
bunches  and  fan-shaped  aggregates.  Not  a  vestige  of  anything  of 
the  original  shale  has  remained,  except  the  ever  present  zircons  and 
the  abundant  re-crystallized  rutiles.  This  has  been  a  shale  rather 
onusually  rich  in  alkalies  (over  7  per  cent.),  and  very  free  from 
quartz.  It  has  been  extra  amenable  to  solution-action,  and  it  is  not 
possible  to  study  thin  sections  of  it  in  its  present  condition  and 
doubt  that  very  nearly  all  its  ingredients  had  passed  into  some  sort 
of  solution,  and  that  the  indefinite  and  amorphous  product  was  not 
very  far  advanced  in  a  process  of  re-crystallization  when  fall  of 
temperature  put  a  stop  to  further  development. 

It  is  assuredly  a  circumstance  worthy  of  note,  that  in  the  contact* 
metamorphism  of  rocks  of  the  same  general  nature  (clays,  shales, 
and  slates)  by  intrusions  of  granite,  and  again  by  intrusions  of 
dolente,  we  can  find  one  and  the  same  characteristic  substance 
appearing,  and  playing  one  and  the  same  part  in  its  relationship  to 
the  formation  of  certain  minerals,  this  substance  being  an  absolutely 
new  product  never  seen  in  the  original  rocks,  nor  seen,  so  far  as 
I  am  aware,  in  anything  but  this  particular  class  of  contact-rocks. 

Finally,  to  return  to  the  special  bed  of  rock  at  Falcon  Clinta,  we 
may  look  again  at  the  analysis.  It  is  not  intended  here  to  enter 
into  any  detailed  consideration  of  the  interesting  chemical  questions 
involved  in  the  alteration  of  shales,  etc.,  by  basic  rocks,  which 
qnestions  will  be  more  fully  gone  into  at  some  future  time. 
1  may,  however,  briefly  allude  to  the  point  as  to  the  increase 
of  so<la  in  such  altered  rocks.  That  such  increase  has  frequently 
tiken  place  is  quite  beyond  question,  as  I  pointed  out  in  my  former 
paper,  unless  we  wish  to  absolutely  reject  much  very  excellent 
evidence.*  Many  of  the  altered  shales  of  the  Whin  Sill  contact  will 
also  bear  testimony  to  the  same  effect.  It  is  not  possible  in  this 
case  to  compare  analyses  of  any  given  stratum  of  the  rock  at 
snccessive  stages  of  approach  to  the  actual  contact,  because  the 
Whin  Sill  is  intruded  parallel  to  the  strike,  and  the  thickness  of  any 

'  Hiph  authorities,  in  reviewing  all  the  evidence,  have  had  to  come  to  the  con- 
clusion that  such  transfer  takes  place  at  basic  contacts ;  as,  tor  example,  Zirkel  in  his 
detaile?d  consideration  of  the  contact-eflfects  of  diabases  (Putroj^'raphie,  vol.  ii.  1894), 
and  also  Roth  (Chemische  Geologic,  vol.  iii.  1893).  No  j^eolo^nst  has  made  such 
» special  study  of  the  chemical  side  of  petrol(»gy  as  Roth,  and  a  great  amount  of  the 
evidence  on  this  particular  question  is  collected  and  summarized  in  the  volume 
named.  In  reviewing  this  evidence  Roth  says  that,  according  to  it,  *'  there  is  a 
dnided  contrast  between  the  contiict-elfects  of  granite,  syenite,  etc.,  and  those  of 
diabase :  in  the  former  case  no  introduction  of  material  into  the  altered  slates  and 
no  chemical  differences  due  to  distance  from  the  eniptive  rock ;  whereas  in  contact 
with  diabase  we  have  introduction  of  silica  and  s<xla  into  the  altered  slate,  and  at 
tbe  same  time  chemical  difference  according  to  distance  from  the  eniptive  rock.** 

niCAOB   IT. TOL.    II. — NO.    III.  ^ 
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given  bed  affected  is  not  sufficient  to  allow  of  comparisons.  Thns, 
the  bed  we  bave  specially  considered  is  eight  feet  tbick.  Its 
alteration  is  as  intense  at  the  bottom  as  it  is  at  the  top,  and  chemical 
tests  also  sbow  that  no  differences  occur  on  which  stress  could  be  laid 
in  this  connection*  And  so  with  tbe  other  beds  affected.  But  we 
know  that  clays  and  shales  in  the  Carboniferous  beds  invariably 
contain  much  more  potash  than  soda,  say  from  three  to  four  times  as 
mucb.  lliis  is  fully  lK>me  out  also  among  the  rocks  at  the  Whin 
Sill.  Some  of  the  shales  of  which  L  bave  made  analyses  show  that 
no  chemical  change  bas  taken  place  in  them,  and  in  siicb  cases  the 
potash  and  soda  are  in  the  normal  proportions, — as  near  as  may  be, 
for  instance,  as  in  tbe  analyses  published  by  me  of  clays  from  the 
Coal-measures. 

When  in  these  beds  we  find  altered  shales  or  clays  with  more 
soda  than  potash,  or  even  witb  an  approach  to  equality  in  these 
bases,  we  are  quite  safe  in  concluding  that  this  striking  alteration 
in  the  normal  proportions  is  due  to  the  intruded  soda-bearing  rock 
in  some  way.  This  is  the  case  with  the  rock  we  are  now  cim- 
sidering;  the  soda  is  considerably  in  excess  of  the  potash.  As  to  how 
the  transfer  bas  taken  place  in  these  cases,  there  seem  to  be  three 
possible  causes  to  be  considered.  It  may  have  taken  place  at  the 
time  of  the  intrusion,  by  actual  passage  of  igneous  magma ;  it  may 
bave  been  effected  after  intrusion,  and  during  the  subsequent  beating 
and  cooling  of  the  sedimentary  rocks,  by  the  passage  of  hot  aqueous 
or  vaporous  compounds,  or  both ;  or,  it  may  be  brougbt  about  after 
complete  cooling,  and  long  after  all  "  contact-action,"  by  the  perco« 
lation  of  water  from  the  igneous  rock  during  weathering. 

The  first  of  these  conditions  may  apply,  to  a  limited  extent,  close 
to  contact.  It  certainly  does  not  apply  to  the  bed  now  in  questicm, 
which  is  76  feet  from  contact,  and  separated  from  it  by  several  other 
alternating  beds  of  shale,  limestone,  and  sandstone.  Tbe  third 
condition  may  frequently  apply  to  a  small  extent  and  sometimes  to 
a  considerable  one.  But,  in  the  present  special  instance  (and  in 
others  in  tbe  same  district),  microscopic  study  of  tbe  rook  precludes 
the  supposition  that  subsequent  percolation  has  deposited  soda- 
compounds  in  it.  When  we  have  a  specimen  consisting  of  a  hard, 
compact,  felsite-like  mass,  which  the  microscope  shows  to  consist 
of  a  mosaic  of  quartz  and  felspar,  we  cannot  readily  understand 
how  the  original  rock  could  be  removed,  and  this  deposited,  by 
percolation.  And  still  less  can  we  do  so  when  we  have  a  rock 
consisting  of  quartz,  felspar,  isotropic  matter  and  white  mica.  It 
would  be  different  if  it  were  more  or  less  cracked  and  rotten,  and 
showed  zeolites  in  it,  but  of  this  there  is  no  trace. 

We  must  deal  with  the  fact  that  transfer  does  take  place,  in  spite 
of  the  many  difficulties  in  tbe  way  of  understanding  exactly  bow  it 
is  effected ;  such  difficulties  as  arise  when  we  have  to  note  that  in 
one  given  section  of  beds  there  will  be  cases  in  whicb  evidence  of 
transfer  is  wanting,  though  beds  further  from  the  contact  are  strong 
in  suob  evidence.  Such  difficulties  are,  at  any  rate,  not  greater 
than,  and  are  indeed  analogous  to,  others  which  we  bave  to  face 
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in  considering  some  UDdoabted  facts  as  to  oontact-metamorphism 
in  general. 

So  far  as  oonoems  the  particular  case  in  point,  and  the  conclusions 
we  may  draw  from  it,  the  question  is  not  in  any  way  a£fected  by  the 
manner  of  transfer  of  the  soda,  nor  even  by  the  possible  denial  of 
any  each  transfer  at  all. 

{To  be  concluded  in  our  next  Nutnber,) 


IR  E  "V  I  E  ^W-  S- 

I— Reportrd  Disooybrt  of  an  Animal  intermediate  between 
Man  and  tbb  Anthropoid  Apes. 

Pithecanthropus  ERKCTUs,  Einb  mensohbnahnuohe  Uebrr- 
6AN6S70RH  Aus  Jaya.  By  EuG.  DuBois.  4to.  pp.  1-39,  with 
two  Plates.     (Batavia,  1894.) 

EEPORTS  of  the  discovery  of  the  remains  of  animals  inter- 
mediate  between  Man  and  the  Anthropoid  Apes  are  always 
to  be  received  with  scepticism,  since  the  resemblances  between  the 
skeletons  of  the  higher  Primates  are  so  considerable  that  abnormali- 
ties, due  to  disease  and  other  causes,  are  liable  to  be  regarded  as 
evidence  of  the  existence  of  intermediate  forms.  There  can  be  little 
doubt  that  this  is  what  has  happened  in  the  present  instance, 
portions  of  an  abnormal  human  skeleton  having  been  made  the 
types  of  a  new  genus  and  species,  Pithecanthropus  erecius,  for  the 
reception  of  which  a  new  family,  the  Pitheoauthropidfe,  has  been 
eBtablished.  The  name  Pithecanthropus  was  originally  employed  by 
Ilaeckel  to  denote  a  hypothetical  animal  forming  a  connecting  link 
between  man  and  the  higher  apes,  and  it  is  in  this  light  that  the 
creature,  to  which  the  name  is  now  applied,  is  regarded,  where  they 
were  found  associated  with  extinct  mammalia. 

The  remains  upon  which  such  important  conclusions  have  been 
based  consist  of  the  upper  p})rtion  of  the  cranium,  a  tooth  (in.  3), 
and  a  left  femur,  all  of  which  were  found  near  the  village  of  Trinil, 
on  the  Bengawan  River,  Java,  and  are  considered  to  have  belonged 
to  a  single  individual.  The  rock  from  which  these  bones  were 
obtained  is  a  volcanic  ash,  a  deposit  which  in  a  country  like  Java, 
subject  to  frequent  volcanic  eruptions,  must  often  enclose  the 
remains  of  men  and  animals  that  have  been  overwhelmed.  A 
Somewhat  similar  case  of  the  discovery  of  human  remains  in 
volcanic  rock  is  recorded  by  Scrope  in  his  work  on  the  volcanoes 
of  Central  France,  two  skeletons  having  been  dug  out  of  a  bed 
of  '*  tuff"  near  Le  Puy,  in  the  Auvergne  district. 

The  skull,  of  which  the  upper  and  hinder  portions  are  preserved,  is 
dolichocephalic,  and  measures  18*5  cm.  in  length.  All  the  sutures 
are  closed,  and  there  are  no  bony  crests  for  the  insertion  of  muscles. 
The  photographs  show  that  the  whole  surface  is  covered  with  pits 
and  rugosities  which  might  be  the  result  of  weathering  and  jjost- 
^riem  injuries,    but    have   much    the    appearance   of  a   diseased 
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condition.  The  cabic  contents  of  the  brain-case  are  esUniatecl  to  hare 
been  approximately  1000  oabic  centimetres,  so  that  in  this  respect 
the  fossil  would  appear  to  come  about  midway  between  the  skulls  ol 
Man  and  the  Grorilla.  lliis  calculation  is  to  a  large  extent  oon< 
jecturaly  siuoe  the  whole  of  the  lower  portion  of  the  brain-case  u 
wanting. 

The  tooth,  which  is  a  third  upper  molar,  is  considered  by  th< 
author  to  indicate  that  the  jaws,  though  having  to  some  extent  beei 
reduced,  were  of  the  type  found  in  the  Gibbons  and  Chimpanzee 
but  the  evidence  is  quite  insufficient  to  support  such  conclusiona 
This  specimen  is  almost  certainly  human,  Uie  last  upper  molar  ii 
man  being  a  somewhat  variable  structure. 

The  femur  is  without  doubt  human,  since  it  agrees  both  in  size  anc 
in  all  important  structural  characters  with  that  of  a  man  of  mediuo 
height  It  is  not  quite  normal,  but.  has  on  the  inner  side  of  th( 
shaft  near  the  upper  end  a  considerable  irregular  outgrowth  of  bone 
which  may  be,  as  the  author  suggests,  the  result  of  a  wound,  or  o 
some  pathological  condition.  The  photograph  shows  that  the  whol< 
surface  of  the  femur  is  rough,  but»  as  in  the  case  of  the  skull,  thi 
may  be  the  result  o{  poBt-moriem  changes. 

That  the  remains  described  are  those  of  a  man  suffering  iron 
disease  which  caused  the  sutures  of  the  skull  to  close  prematureljf 
giving  rise  to  a  microcephalous  condition,  and  led  to  the  irregula 
outgrowths  of  bone  on  the  femur,  is  almost  certain,  and  at  any  rat 
is  an  explanation  of  the  facts  that  must  be  disposed  of  before  th 
author's  conclusions  can  be  accepted.  G.  W.  A* 


II. — Mkmoib  of  Sib  Andrew  Crombib  Ramsat.  By  Sir  Abohibali 
Geikib,  F.RS.y  Director- General  of  the  Geological  Survey  o 
Great  Britain.  8vo.  pp.  xi.  and  397,  with  13  Portrait! 
(London :  Macmillan  and  Co.     Price,  12i.  6(2.  net) 

THOSE  who  have  read  the  Lives  of  Edward  Forbes  and  o 
Mnrchison  will  have  looked  forward  with  keen  interest  t 
the  appearance  of  this  volume,  written  as  it  is  by  one  so  deft  i 
the  art  of  biography.  Although  nigh  half  an  ordinary  life-tim 
lias  passed  since  the  first  of  these  Memoirs  was  published^  on 
author  comes  again  before  us  with  the  same  enthusiasm  in  hi 
work,  with  the  same  sympathy  for  his  hero;  and  fitting  togethc 
his  materials  in  the  same  masterly  way,  he  has  given  us  an  admit 
able  portraiture  of  Kamsay  and  of  many  of  his  assooiatea.  Leavin 
that  genial  geologist  to  tell  his  own  personal  experiences  the  authc 
has  enriched  the  pages  with  picturesque  descriptions,  with  explani 
tory  notes,  and  not  a  few  touches  of  humour. 

Hamsay  was  best  known  to  the  scientific  public  through  his  Ion 
connection  with  the  Geological  Survey,  and  as  Professor  of  Qeolog 
at  University  College,  London,  and  afterwards  at  the  School  ( 
Mines.  A  master  in  the  broader  questions  of  stratigraphy  an 
physical  geology  he  was  a  clear  exponent  of  facts,  while  his  origini 
and  often  bold  theories,  expressed  both  in  lectures  and  in  writing 


Rerietci — Sir  A.  OeikieU  Memoir  of  Ramsay.  133 

ftirred  othera  with  enthusiasm  and  undoahtedly  exercised  great 
inflaenoe  on  the  progress  of  geology.  Moreover,  his  lectures  to 
working  men  formed  the  nucleus  of  his  famous  introduction  to 
geology,  "The  Physical  Geology  and  Geography  of  Great  Britain." 

His  early  interest  in  geology,  when  engaged  in  business  in 
Glasgow,  led  Ramsay  to  undertake  an  original  survey  of  the  Isle 
of  Arran.  This  work  brought  him  under  the  favourable  notice  of 
Murohison,  and  led  to  his  receiving  an  appointment  on  the  newly- 
established  G^logical  Survey  under  De  la  Beche.  For  forty  years 
he  took  an  active  part  in  the  work  and  administration  of  the  Survey, 
first  as  Assistant  Geologist,  then  as  Local  Director  for  Great  Britain, 
later  on  as  Director  for  England  and  Wales,  and  finally  as  Director 
General  for  the  United  Kingdom. 

The  story  of  his  life  is  thus  in  its  main  incidents  a  history  of  the 
Geological  Survey  with  some  record  of  its  progress.  Opportunity  is 
also  taken  by  his  biographer  to  relate  many  interesting  facts  about 
the  Museum  of  Practical  G^logy  and  the  School  of  Mines,  which 
owed  their  existence  to  the  energy  of  De  la  Beche. 

So  far  as  regards  the  progress  of  the  Geological  Survey  the 
volume  deals  mainly  with  Ramsay's  work  and  that  of  his  colleagues 
in  Wales.  He  joined  the  staff  in  1841  in  Pembrokeshire,  when  he 
was  twenty-seven  years  of  age.  There  the  freedom  of  the  life,  the 
ictive  outdoor  work,  and  its  boundless  interest,  combined  to  render 
most  enjoyable  the  change  from  a  Glasgow  counting-house ;  and  for 
a  long  while,  '*Day  after  day,  as  be  went  out  with  map  and 
hammer,  it  seemed  to  him  still  holiday  work." 

The  life  of  a  field -geologist  is  often  contemplated  with  a  feeling 
akin  to  envy  by  enthusiasts  who,  tied  to  business,  are  able  to  give 
bat  a  few  weeks  each  year  to  outdoor  geological  work.  They 
picture  the  sunny  side  of  survey  life,  and  a  gi*eat  portion  of  it  is 
sunny.  The  geologist  has,  however,  to  carry  on  his  work  day  after 
day,  for  weeks  and  months  together.  He  may  have  a  pleasant 
enough  tramp  in  the  morning  across  hill  and  dale  to  the  tract  he  has 
to  examine,  but  after  scrambling  about  for  some  six  or  seven  hourn, 
he  may  have  a  weary  march  homewards  laden  with  the  stony  spoils 
of  the  <lay.  Again,  in  the  teeth  of  an  east  wind,  or  when  any  other 
wind  blows  strongly,  the  time  of  the  geologist  is  not  so  happily 
spent  as  it  might  be  in  a  tranquil  atmosphere.  Sir  Archibald 
Geikie  gives  an  interesting  sketch  of  '*  Life  in  the  Survey,"  and 
remarks  that  **  the  mere  physical  endurance  which  it  often  requires 
is  enough  to  tax  the  strength  of  a  strong  man."  Moreover,  as  he 
justly  adds,  ''llie  isolation  and  loneliness  at  stations  where  no 
congenial  society  of  any  kind  is  to  be  found,  the  necessity  of 
frequently  moving  camp  to  l>egin  all  the  domestic  experiences  and 
discomforts  over  again,  and  the  poor  pay  for  which  all  this  drudgery 
has  to  be  undergone,  these  and  other  hardships  which  may  be  easily 
imagined  test  the  scientific  enthusiasm  of  a  geologist." 

Pleasant  it  is  to  know  that  two  of  Ramsay's  early  associates  on 
the  Survey  are  still  living — Aveline,  who  joined  the  staff  in  1840, 
a  year  before  him,  and   Selwyn,   who  was  appoiutod  \u  \%V^% 
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Portraits  are  given  of  them,  as  well  as  of  De  la  Beche,  Logan, 
Bristow,  Gibbs  (fossil-oollector),  Oldham,  Smyth,  Jukes,  Forbes, 
MurohisoD,  and  Salter.  The  likeness  of  Bamsay,  excellent  as  it  is, 
represents  him  at  the  age  of  68,  when  he  had  just  retired  from 
public  life ;  the  face  has  become  somewhat  saddened,  and  we  must 
turn  to  the  portrait  given  in  the  Life  of  Marchison  for  Bamsay  in 
the  prime — a  handsome,  vigorous  man,  cheery  and  buoyant  in  spirit. 

For  about  ten  years  Bamsay  toiled  hard  in  the  active  work  of  tJie 
Survey,  until  the  mapping  of  Wales  was  completed,  and  he  con- 
tinued to  carry  on  a  certain  amount  of  personal  surveying  until 
1854.  His  time,  however,  had  become  more  and  more  occupied 
with  the  general  direction  and  supervision  of  the  work  of  his  men, 
and  he  practically  abandoned  the  task  of  mapping  after  having 
started  the  Survey  in  Scotland. 

It  is  astonishing  to  consider  how  much  field-work  he  accom- 
plished in  the  period  of  fourteen  years,  for  we  learn  from  the  list 
of  his  publications  that  he  took  part  in  the  work  of  six  whole  sheets, 
and  of  thirty-nine  quarter-sheets  of  the  map  in  England  and  Wales, 
and  of  one  sheet  in  Scotland.  Moreover,  he  was  engaged  in  con- 
structing a  number  of  horizontal  sections  across  various  mountainous 
parts  of  the  country,  and  the  labour  thus  involved  can  scarcely  be 
realized  nowadays  when  contoured  maps  enable  the  geologist  to 
plot  each  section  without  difficulty.  No  doubt  the  field-work  was 
carried  on  far  more  bnskly  in  those  early  days  of  the  Survey  than 
would  be  possible  or  right  at  the  present  time.  More  numerous 
subdivisions  in  the  rocks  are  now  required,  and  the  boundaries  can 
be  traced  far  more  accurately  than  was  possible  on  the  old  one-inch 
maps.  Those  who  now  start  with  the  maps  of  the  present  day,  with 
the  help  too  of  the  advanced  methods  of  research  in  petrology  and 
palaeontology,  may  find  plenty  to  do  in  regions  surveyed  long  ago. 
They  do  not,  however,  have  to  start  with  a  plain  ordnance  map,  and 
in  a  district  where  the  only  geological  guides  were  the  sketch  maps 
of  William  Smith,  or  the  small  maps  of  particular  areas  published 
in  the  Transactions  of  the  Geological  Society. 

The  junctions  between  the  great  formations  had  to  be  determined, 
and  their  particular  boundary-lines  traced  across  an  almost  unknown 
country,  in  some  areas  complicated  by  faults  and  disturbances  and  by 
various  eruptive  rocks.  It  was  a  glorious  time  for  those  who  were 
keenly  intei'ested  in  such  work  :  and  none  more  so  than  Bamsay 
and  his  associates  in  Wales — Aveline,  Selwyn,  and  Jukes. 

In  the  **  Letters  "  of  J.  Beete  Jukes  we  were  favoured  with  many 
glimpses  of  life  on  the  Geological  Survey  ;  of  the  arduous  work  and 
the  determination  of  the  men,  and  of  the  pleasant  hours  of  relaxation 
after  the  work  of  the  day  was  done.  So  also  in  the  memoir  of 
^msay,  we  read  of  the  interesting  coach  journeys,  the  sojourns  at 
conn  try  inns,  and  the  occasional  merry  meetings  of  the 
roTB  and  of  Salter,  the  palaeontologist 

.one  oocasion  Bamsay  relates  that  he  "  went  out  with  Smyth, 
.Selwyn,  Gibbe,  and  the  dogs,  to  look  at  Jukes's  ash-bed^. 
la  goodish  day's  work  on  bits  of  detail.    Jukes  should  have 
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ibowed  me  BomethiDg  lai^r,  but  detail  seems  his  forte.  He  is  ever 
in  doubt,  even  when  nearly  oonvinoed,  about  little  things,  and 
yet  gnapa  the  sabject  so  well  notwithstanding,  that  he  produoes 
better  work  and  anderstands  it  better  than  any  man  on  the  Survey." 

"Next  day  one  of  the  oanine  oorapanions  of  the  party,  '  Jukes's 
dog  Gk>venior,  amused  himself  by  slaying  a  sheepi  which  oost  his 
master  7f.  6d.' " 

Kanisay  himself,  as  will  be  gathered  from  the  foregoing  remarks, 
was  somewhat  impHtient  of  detail,  preferring  to  deal  with  broad 
genenlizationa.  When  in  the  field  overlooking  the  work  of  his 
men,  he  cared  not  to  engross  his  mind  too  continuously  with  geo- 
logical facts,  and  his  conversation  was  illumined  by  his  passionate 
lofe  of  poetry  and  of  literature  in  general.  Even  Murchison,  when 
in  the  field  with  him,  was  apt  **to  talk  far  too  much  geology." 
Id  later  years  Bamsay  appeared  to  manifest  perhaps  too  little 
Bympstby  with  the  careful,  but  often  very  minute  work,  brought 
Iwfore  the  Oeologioal  Society  of  London ;  but  revisiting  Wales,  he 
writes  from  Portmadoo  (1874) :  **  I  am  busy  revising  a  deal  of 
ooaiitry  and  realising  all  the  discoveries  that  have  turned  up  since 
Stflwyn  and  I  were  here  more  than  twenty-five  years  ago.'* 

Changes  there  must  be  in  methods  of  work  and  in  the  inter* 
pretatiou  of  phenomena  as  knowledge  increases  ;  changes  also  come 
alK)ut  in  our  bocihI  proceedings.  Those  who  attend  the  Anniversary 
Meeting  of  the  Society  and  the  dinner  afterwards,  will  hardly  do  as 
Hamsay  did  in  1848.  He  says  :  '*  We  broke  up  about  eleven,  and 
in  the  lung-run  Smyth,  Rt^eks,  Bristow,  and  I  had  some  supper. 
Got  home  at  half- past  three." 

Of  the  scientific  work  achieved  by  Ramsay  we  have  a  good 
summary  in  the  concluding  chapter  of  this  volume:  a  fitting 
teniiination  to  the  record  of  his  career,  of  his  travels  abroad  as  well 
as  in  thirt  country,  of  his  eager  study  of  glacial  phenomena,  and  of 
Ilia  bold  theory  of  the  origin  of  certain  lake- basins.  To  learn  the 
hiKtorv  of  these  and  other  matters  the  student  will  gladly  take  up 
thiii  Memoir  by  Sir  Archibald  Geikie ;  and  whether  or  not  he  has 
had  the  privilege  of  personal  acquaintance  with  Ramsay,  the  student 
or  the  general  reader  interested  in  the  progress  of  science,  will 
Welcome  this  memoir  of  a  genial  and  gifted  Geologist. 


III.— The  Physical  Gkology  and  Geography  of  Great  Britain  : 
A  Manual  of  British  Geology.  By  the  late  Sir  Andrew 
C.  Ramsay,  LL.D.,  F.R.S.,  etc.,  Director-General  of  the  Geolo- 
gical Survey  of  the  United  Kingdom.  Sixth  Edition.  Edited  by 
Horace  B.  Woodward,  F.G.S..  of  the  Geological  Survey.  8vo. 
pp  421,  illustrated  with  a  Geological  Map  printed  in  colours 
and  137  woodcuts.  (London  :  Edward  Stanford,  lh>94.)  Price 
10«.  6d. 

IT  18  now  sixteen  years  since   the   fifth   edition   of  Sir   Andrew 
Hainsay's   Geolojjy  appeared   (see   Geol.  Mag.,  1879,  p.  277), 
having  gone  through  five  editions  in  ten  years.     The  last  edition 
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was  issned  three  years  before  its  author  retired  from  the  post  of 
Director- General,  after  which  time  his  literary  labours  ceased. 

The  new  edition  has  by  careful  excisions  been  reduoed  from  639 
to  422  pages,  so  as  to  approach  more  nearly  to  the  oonvenient  size 
of  the  earlier  editions  of  the  work.  The  stratigmphioal  portion  has 
been  reduced  by  about  61  pages;  the  Glacial  chapters  by  about  38 
pages;  the  other  reductions  come  under  the  head  of  Historical 
Geology,  the  Kaces  of  Man,  eta 

Mr.  Horace  Woodward,  the  editor,  has  bestowed  great  pains  and 
labour  on  the  new  edition  ;  and  both  the  stratigraphioal  and  the 
palceontological  parts  have  been  carefully  revised,  and  the  names  of 
fossils  corrected.^  He  has  very  properly  kept  intact  the  author's 
views  on  Subaerial  Denudation,  which  Ramsay  was  the  first  to  teach 
and  illustrate. 

The  strict  subdivisions  of  the  subject-matter  in  each  chapter  have 
been  more  strictly  adhered  to  than  in  the  earlier  edition,  and 
without  altering  the  author's  style  the  book  has  been  brought  up  to 
date  as  far  as  possible. 

This  manual  will  still  be  valued  as  the  work  of  one  of  the  most 
able  and  thoughtful  geologists  of  our  time,  whose  broad  views  on  the 
stratigraphy  and  on  the  physical  features  of  this  country  due  to  the 
structure  and  character  of  the  rocks  composing  it,  and  how  they 
have  been  affected  by  denudation,  will  always  be  read  with  pleasure 
and  profit  by  all  students.  The  book  is  also  provided  with  an 
excellent  index. 

iy. — A  DiOTiONART  OF  BiRDS.  By  Alfred  Nkwton,  Assisted  by 
Hans  Gadow,  with  Contributions  from  R.  Ltdbkkkr,  G.  S.  Rot, 
and  R.  W.  Sghufeldt.  In  4  Parts  (3  insued).  8vo.  pp.  882, 
numerous  Figures  in  the  Text,  and  1  Map.  (London :  Adam 
and  Charles  Black,  1893-4.) 

rpHE  Third  Part  of  this  very  useful  Dictionary  has  just  been 
-X  issued,  after  a  rather  long  interval,  and  it  is  to  be  hoped  that 
the  ooncluding  part  will  soon  follow. 

Books  in  dictionary  form  are  extremely  handy  for  reference  and 
commend  themselves  to  everyone,  especially  if  they  are  as  well 
executed  as  is  the  book  now  under  our  notice,  and  there  is  no  doubt 
that  this  dictionary  will  be  very  serviceable  not  only  to  ornithologists 
but  also  to  all  students  of  Natural  History. 

A  g^eat  deal  more  is  contained  in  these  volumes  than  the  title 
might  lead  one  to  expect,  for  we  find  in  addition  to  the  excellent 
accounts  of  birds  given  under  their  scientific  and  popular  names, 
numerous  articles  dealing  with  the  anatomy,  with  the  habits, 
distribution,  and  past  and  present  history  of  birds.  It  is  in  fact 
a  text-book  of  Ornithology  arranged  in  dictionary  form. 

Interesting  as  all  these  articles  are,  still  some  of  those  already 
publi8hed  have  a  greater  claim  to  the  geologist's  notice  than  others; 
especially  those   dealing  with  fossil  birds,  with  the  extermination, 

*  One  name,   Chara  medieaginulay  is,   howcTer,  still  spelt  (on  p.  203]   Chatm 
medieoffulinu. 
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nigrationy  and  geographioal  distribution  of  reoent  birds,  and  we  will 
hope  for  a  good  account  of  the  skeleton  in  the  concluding  part 

The  special  portions  devoted  to  the  different  groups  of  fossil  birds 
are  contributed  by  R.  Ljdekker,  and  some  of  these  form  small  but 
oomplete  monographs  of  the  groups  described;  but  it  is  a  little 
difficult  to  comprehend  why  certain  extinct  birds  were  picked  out 
foripeoial  description,  while  a  large  number  of  others  were  lumped 
together  in  a  general  article  on  fossil  birds ;  thus  we  find  excellent 
articles  on  the  Moas  and  the  Odontomithes,  but  Arehaopieryx  and 
M^omi9  are  only  briefly  described  under  the  general  title  of  fossil 
birds,  and  the  latter  is  not  even  mentioned  in  the  alphabetical  list. 
These  unaccountable  distinctions  rather  destroy  the  utility  of  the 
book,  so  Car  as  the  general  student  is  concerned. 

We  see  now  that  the  hallux  is  considered  to  be  present  in  most 
if  not  in  all  the  Moas.  Formerly,  according  to  Lydekker  (Manual 
of  Palsdontology,  vol.  ii.  p.  1226,  1869),  it  was  considered  to  be 
present  only  in  the  Palapterygidee  and  to  be  absent  in  the  true 
DinomithidaB. 

The  anatomical  articles  by  Dr.  Oadow  ought  to  be  very  useful, 
ind  their  presence  shows  that  ornithologists  now  recognize  the  fact 
that  a  bird  consists  of  other  structures  besides  feathers,  beak,  and  claws. 
That  this  is  thoroughly  realized  by  the  highest  avian  authorities 
i«  well  seen  in  the  article  on  the  Flycatchers,  p.  273,  where  Prof. 
Newton,  referring  to  the  Muscarpida,  says,  "every  ornithologist  must 
own  that  its  precise  definition  is  at  present  almost  imposHible  and 
must  await  that  truer  knowledge  which  comes  of  investigating 
structural  characters  more  deeply  seated  than  any  afforded  by  the 
epidermis." 

The  third  part  (Moa — She),  just  issued,  fully  maintains  the  standard 
of  the  earlier  parts,  and  contains  many  interesting  articles,  two 
dealing  with  fossil  birds,  viz.  Moa  and  Odontornithes,  one  on  the 
Moorhen,  including  an  account  of  NotoruiSf  with  an  excellent 
figure  of  the  head  of  that  nearly  extinct  bird ;  then  there  are  full 
accounts  of  the  moult,  of  the  muscular,  nervous,  and  reproductive 
systems;  on  nidification,  and  of  course  short  accounts  of  numerous 
birds,  among  which  we  may  notice  those  on  the  Ostrich  and  Rhea, 
the  rapidly  disappearing  parrot,  Nestor ;  of  that  singular  group  of 
birds  the  Nightjars,  with  an  interesting  figure  taken  from  life  of  the 
curious  form  of  the  pennant-winged  Ni<;htjar,  showing  the  way  in 
which  this  bird  carries  its  enormously  enlarged  second  primary  wing- 
feathers.  There  is  also  a  good  account  of  the  Sandgrouse,  whose 
peculiar  irruptions  into  England  have  caused  so  much  interest  of 
late  years. 

The  illustrations  are  very  variable  and  hardly  numerous  enough. 
Why  should  such  a  little  known  bird  as  the  Quezal,  however  beautiful, 
want  an  entire  page  for  its  portrait,  when  so  many  others  are  un- 
illustrated  ?  Many  of  the  figures  are  extremely  good,  especially 
those  of  the  King-penguin,  the  Secretary  bird,  and  the  Seriema  of 
doubtful  systematic  position.  But  for  the  most  part  we  have  to  be 
content  with  beaks  aud  portions  of  birds'  heads  from  Swainson. 
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L— January  9th,  1895.— Dr.  Henry  Woodward,  F.R.S.,  Presideni 
in  the  Chair.     The  following  oommunioations  were  read  : — 

1.  "The  Formation  of  Oolite."     By  E.  B.  Wethered,  Esq.,  F.G.S 
In  previous  oommunioations  the  author  has  described  pisolite 

formed  by  the  growth  of  Oirvanella,  and  some  true  oolitic  granule 
having  a  like  origin.  He  has  long  entertained  the  opinion  that  al 
oolitic  granules  are  of  organic  origin,  but  has  not,  op  till  now,  beei 
in  a  position  to  prove  this. 

He  describes  the  form  of  the  granules,  which  frequently  exhibi 
a  series  of  concentric  la^^ers  of  calcium  carbonate  around  a  nucleus 
and  also  dark  strife  and  patches,  the  former  placed  more  or  less  a 
right  angles  to  the  nucleus.  The  concentric  layers  oft«n  exhibit  ai 
irregularity  which  the  author  maintains  to  be  incompatible  witl 
their  chemical  origin,  and  he  considers  that  each  layer  represent 
tubular  forms  of  growth.  Again,  granules  are  found  made  o 
calcium  carbonate  oocnrnng  in  two  forms — a  vitreous  poitioi 
representing  the  organic  structural  part,  and  an  amorphous  portioi 
consisting  of  ordinary  carbonate  of  lime,  which  is  either  infilling  o 
secreted  material,  possibly  both. 

In  discussing  the  origin  of  the  crusts  around  the  nuclei,  the  autho 
treats  of  the  radial  structure  which  is  so  marked  a  feature  in  th< 
crust  of  oolitic  granules.  This  structure  has  the  appearance  of  ligh 
and  dark  strisd  when  seen  by  reflected  light :  tbe  light  are  tubule 
which  have  grown  at  right  angles  to  the  nucleus,  whilst  the  darl 
are  secondary  formations. 

He  refers  to  Rothpletz*s  description  of  the  oolitic  granules  of  th< 
Great  Salt  Lake,  which  are  stated  to  have  originated  from  th< 
growth  of  lime-secreting  algae,  and  thinks  it  possible  that  the  fossi 
forms  are  of  like  origin,  though  not  necessarily  due  to  organism 
allied  to  algas,  and  possibly  even  lower  in  the  scale  of  life ;  ^iV 
vanella  was  the  first  type  of  oolite-forming  organism  discovered,  an< 
it  is  simply  a  tubule. 

2.  ''  On  the  Lias  Ironstone  around  Banbury."  By  Edwin  A 
AValford,  E^q.,  F.G.S. 

Tbe  ferruginous  limestone  of  the  Middle  Lias  of  the  Banbur 
district  occurs  practically  within  a  ten-mile  circle  around  Banbur}< 
The  stone  (the  Marlstone  of  the  Geological  Survey)  is  an  '* oolitic' 
cyprid-limestone  with  much  mollusoan  and  crinoidal  debris  an* 
some  quartz-grains.  The  author  describes  the  lithological  character 
of  the  rock,  and  their  variations,  as  traced  laterally  and  vertically 
giving  a  full  description  of  its  local  development,  with  details 
account  of  the  sections  in  the  principal  exposures.  The  marlston 
of  this  area  is  dissimilar  from  that  of  Gloucestershire  both  ii 
appearance  and  in  fossil  contents,  the  Ghmcestershire  stone  being  o 
earlier  deposition  and  representing  better  the  base  of  the  Banbur 
series,  rather  than  the  stratum  which  is  richest  in  iron.  From  th 
blue  clays  of  the  margaritaiu8'2on.e  up  to  the  rock-bed  itself  there  i 
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a  8low  change  of  oonditions,  and  the  fauna  points  to  alow  tranquil 
Boblittoral  oonditions.  The  author  reserves  his  views  as  to  how 
the  rock-bed  obtained  its  ferruginous  elements. 

He  gives  a  description  of  the  palieontology  and  economio  uses 
of  the  deposits,  and  appends  analyst^s  of  various  ironstones  from  the 
district,  made  by  the  aid  of  Sir  B.  Sam  nelson. 

3.  "Notes  on  the  Geology  and  Mineral  Resources  of  Anatolia 
(Asia  Minor)."     By  W.  F.  Wilkinson,  E*q.,  F.G.S. 

The  route  traversed  from  northwards  to  southwards  through  the 
city  of  Broussa  lay  through  a  country  composed  of  sedimentary 
rocks  (largely  limestones  with  some  shales  and  conglomerates).  In 
the  mountains  metamorphic  rocks  were  met  with,  and  also  igneous 
iDcks.  l^e  principal  igneous  rocks  noticed  are  granites  and 
serpentines ;  in  the  latter  chrome-iron-ore  occurs,  and  is  worked. 

IL— January  23rd,  1895.— Dr.  Henry  Woodward,  F.R.S.,  Presi- 
dent,  in  the  Chair.    The  following  communioations  were  read  : — 

1.  **Carrock  Fell:  a  Study  in  the  Variation  of  Igneous  Rock- 
masses.  Part  II.  Ilie  Carrock  Fell  Granophyre.  Part  III.  The 
Grainsgill  Greisen."     By  Alfred  Harker,  E^q.,  M.A.,  F.G.S. 

The  augite-granophyre  of  Carrock  Fell   is  first  described  in  its 
normal  development,  special  attention  being  drawn  to  the  various 
types  of  micrograpbic  intergrowths  which  it  exhibits.     The  varia- 
tion  of  the  rock  is  next  examined,  and,  in  particular,  a  curious 
basic  modification  which  occurs  near  its  junction  with  the  gabbro 
described  in  a  former  paper.     The  granophyre  here  passes  into  a 
coarse  type  rich  in  angite,  iron-ores,  and  apatite,  its  silica-percentage 
falling  to  as  low  as  58.      The  author  attributes  this  to  the  acid 
magma  having  incorporated  in   itself  portions  of  the  highly  basic 
margin  of  the  gabbro.     The  latter  rock  seems  to  have  been  fused  or 
di88olved  by  the  magma,  with  the  exception  of  certain  of  its  more 
refractory  minerals  which  survive  in  the  modified  marginal  part  of 
the  granophyre. 

The  latter  part  of  the  paper  deals  with  a  remarkable  quartz-mica- 
rock  found  on  the  north  side  of  the  Skiddaw  granite.  It  differs  in 
some  respects  from  the  Cornish  greisens,  and  resembles  in  its  mode 
of  occurrence  certain  pegmatites  in  the  Scottish  Highlands.  The 
author  considers  the  rock  to  have  been  extruded  from  the  granite 
in  connection  with  the  post-Silurian  crust-movements  of  the  district, 
while  its  composition  has  probably  been  further  modified  by  sub- 
sequent chemical  changes. 

2.  **The  Geology  of  the  Countrv  around  Fishguard  (Pembroke- 
Bhire)."     Ky  F.  R.  Cowper  Heed,  Esq.,  B.A.,  F.G.S. 

The  tract  of  country  forming  the  subject  of  this  communication 
occupies  the  northern  part  of  Pembrokeshire,  from  Newport  to 
Strumble  Head.  All  the  beds  are  of  Ordovician  age,  with  the 
possible  exception  of  those  on  Dinas  Island,  and  have  a  general  east- 
to-west  strike  with  a  high  dip  to  the  north.  Arenig  Slates  occupy 
the  southern  part  of  the  district.  Typical  Llanvirn  Beds  with  the 
i^/ocopart a- fauna  occur  at  Fishguard,  and  above  them  the  Didymo' 
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graptu$  Murehtgom-zone  of  the  Lower  Llandeilo  is  found.  On  tbit 
horizon  are  the  first  traces  of  voloaDic  activity  :  acid  lavas  and  taffs 
are  here  interhedded  with  the  slates.  The  Middle  Llandeilo  is  partly 
faulted  out  in  Goodwiok  Bay,  and  near  Newport  is  penetrated  by 
huge  intrusive  sheets  of  diabase.  The  Upper  Llandeilo  is  marked 
near  its  base  by  a  thick  zone  of  lava- flows,  which  are  overlain 
by  fossiliferous  shales.  Hartfell  graptolites  have  been  found  in  the 
overlying  grey  and  black  slates.  The  lavas  and  breccias  on 
Struufible  Head  are  held  to  be  on  the  same  horizon  as  those  near 
Newport 

All  the  lavas  are  acid  ;  some  are  soda- potash  felsites.  Nodnlar, 
banded,  and  perlitio  structures  are  sometimes  visible.  Grypto- 
orystalline,  microlitic,  and  micropoikilitio  types  of  ground-mass  are 
possessed  by  these  lavas ;  the  latter  type  is  held  to  be  probably 
a  contact-phenomenon.  The  intrusive  masses  consist  of  diabase, 
with  important  tachylitic  and  variolitic  modifications. 

3.  "  On  the  Mean  Radial  Variation  of  the  Globe."  By  J.  Logan 
Lobley,  Esq..  F.G.S. 

The  author  submits  considerations  (chiefly  derived  from  the 
characters  of  the  earlier  sediments)  which  lead  him  to  suppose  thai 
crust-folds  have  not  been  produced  by  continuous  contraction  of  the 
Earth,  and  that  the  planetary  heat  and  mean  radius  of  the  Earth 
have  been  practically  invariable  during  the  period  which  has  elapsed 
since  Cambrian  times. 


IIL  — February  6th,  1895.  —  Dr.  Henry  Woodward,  P.R.S., 
President,  in  the  Chair.  The  following  communications  were  read  : — 

1.  *'  On  Bones  of  a  Sauropodous  Dinosaur  from  Madagascar." 
By  R.  Lydekker,  Esq..  B.A.,  F.R.S.,  V.P.G.S. 

The  bones  described  in  the  paper  were  collected  by  Mr.  Last  to 
the  east  of  the  town  of  Narunda,  on  the  north-eastern  coast  of  Mada- 
gascar. They  include  vertebroB,  limb-bones,  and  portions  of  pectoral 
and  pelvic  girdles.  These  bones  are  described  in  detail,  and  the 
animal  which  possessed  them  is  referred  to  the  genus  BoikriO" 
ipondylus,  Owen :  a  dorsal  vertebra,  described  in  the  paper,  being 
taken  as  the  type  of  the  new  species. 

The  identification  of  the  Malagasy  reptile  with  a  type  ooourring 
in  the  Jurassic  rocks  of  England  harmonizes  with  the  referenoe  of 
some  of  the  strata  of  the  island  to  the  Jurassic  period. 

2.  '*0n  the  Physical  Conditions  of  the  Mediterranean  Basin 
which  have  resulted  in  a  Community  of  some  Species  of  Fresh-water 
Fishes  in  the  Nile  and  the  Jordan  Waters."  By  Prof.  E.  Hull, 
M.A..  LL.D.,  F.R.S.,  F.G.S. 

The  author  summarizes  the  evidence  in  favour  of  the  existence 
of  barriers  in  post-Miocene  times,  separating  the  Mediterranean 
area  into  a  chain  of  basins.  He  brings  forward  arguments  in 
support  of  his  contention  that  the  waters  of  the  eastern  (Levantine) 
basin  became  fresh  during  a  period  when  the  area  of  evaporation 
was  smaller,  and  the  supply  of  river-water  greater,  than  at  present 
Into  this  fresh- water  lake  the  waters  of  the  Nile  would  flow  directly. 
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He  bis  elsewhere  given  reasons  for  believing  tbat  tbe  Jordan  Valley 
from  Lake  Hnlob  to  Arabab  was  tbe  bed  of  a  lake  over  200  miles 
long,  and  at  least  1300  feet  above  tbe  present  level  of  tbe  Dead  Sea. 
He  suggests  that  tbe  waters  of  tbis  lake  escaped  into  tbe  Levantine 
basin  Uirough  tbe  plain  of  Esdraelon.  Witb  sucb  pbysical  con- 
ditions existing,  tbe  fauna  of  tbe  Levantine  basin  would  have 
a  means  of  spreading  throughout  tbe  whole  system  of  waterways 
connected  with  it 

In  conclusion  the  author  adds  some  observations  on  tbe  changes 
which  occurred  in  tbe  Mediterranean  area  subsequent  to  tbe  post- 
Miocene  epoch  of  earth-movement. 

3.  **0d  the  Loess  and  otber  Superficial  Deposits  of  Shantung 
(Northern  China).'^  By  S.  B.  J.  Skertcbly,  Esq.,  and  T.  W.  Kings- 
mill,  Esq.,  O.E.     (Communicated  by  Sir  John  Evans,  K.C.B.,  F.B.S.» 

r.G.s.) 

Tbe  following  deposits  are  described  in  the  order  of  their 
antiquity : — 

(1)  Rt^cent  Fluviatile  deposits. 

(2)  Marine  sands  with  Cardium,  Ostraa,  and  Bulla,  extending  to 
A  height  of  200  feet  above  sea-level,  and  indicating  former  sub- 
mergence to  that  amount 

(3)  Old  River-gravels,  often  resting  on  loess,  and  possibly  con- 
temporaneous witb  tbe  marine  gravels.  They  furnish  part  of  tbe 
evidence  relied  on  by  tbe  authors  for  supposing  tbe  existence  at 
that  time  of  a  climate  moister  than  tbe  present  one. 

(4)  Loess. 

(5)  Basement-gravels  having  tbe  same  relation  to  tbe  loess  tbat 
tbe  Upper  Greensand  bears  to  tbe  Chalk. 

The  loess  east  of  tbe  Pamirs  is  extensively  developed  over  an  area 
of  upwards  of  one  million  square  miles.  It  is  sometimes  over  2000 
feet  thick,  and  occurs  up  to  several  thousand  feet  above  sea-level. 

Evidence  is  brought  forward  by  tbe  authors  with  tbe  intention 
of  establishing  tbe  absolute  want  of  connection  between  tbe  Chinese 
loess  and  tbe  present  river-systems,  its  original  stratified  condition 
(as  shown  by  variation  of  tint  and  horizontal ity  of  layers  of  con- 
cretions), and  its  subsequent  rearrangement  to  a  great  extent.  The 
absence  of  marine  shells  is  discussed,  and  the  suggestion  thrown 
out,  witb  diffidence,  tbat  tbe  shells  have  been  destroyed  by  per- 
colating water. 

Tbe  authors  give  their  reasons  for  supposing  that  the  loess  is 
a  marine  formation,  and  state  that  the  sea  need  not  have  reached 
to  a  higher  level  than  600  feet  above  the  present  sea-level,  for  tbe 
Pamir  region,  where  it  occurs,  7000  feet  above  tbe  sea,  is  an  area 
of  special  uplift. 

Tb*»y  maintain  that  there  are  no  proofs  of  the  glaciation  of 
Northern  and  Eastern  Asia,  so  that  the  Chinese  loess  can  have  no 
connection  with  an  area  of  glaciation.  They  state  that  the  zoological, 
ethnological,  historical,  and  traditionary  evidence  alike  point  to  the 
former  depression  of  Asia  beneath  tbe  sea,  and  tbe  subsequent 
desiccation  of  tbe  land,  consequent  upon  re-elevation. 
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DR.  CROLL'S  THEORY  OF  THE  ICE  AGE. 

Sir, — As  Mr.  Culverweirs  artioles  in  the  Magazine  and  the 
revievir  of  Dr.  James  Geikie*s  new  edition  of  ''  The  Great  loe  Age  " 
have  recalled  attention  to  Dr.  GroH's  celebrated  theory,  it  may 
be  interesting  to  your  readers  to  hear  the  opinion  of  the  great 
astronomer  Adams  upon  the  question.  In  turning  over  some  old 
letters  only  yesterday  I  came  upon  one  dated  28th  February,  1866, 
which  I  received  from  him  on  the  subject,  in  which,  after  some 
remarks  upon  Herschel's  art.  184,  of  which  he  says  he  is  "  not 
inclined  to  think  there  is  much  in  it,"  he  wrote :  *'  I  do  not  myself 
believe  in  the  change  of  eccentricity  of  the  earth's  orbit  being  a 
cause  of  climatal  changes  on  the  earth.  The  effect,  if  any,  would 
depend  only  on  the  square  of  the  eccentricity ;  and  this  always 
remains  so  very  small,  that  I  believe  the  effect  on  the  earth^s  mean 
temperature  would  be  almost  insensible.  Depend  upon  it,  geologists 
who  look  in  this  direction  for  the  cause  of  Glacial  epochs  are 
entirely  on  the  wrong  tack.  It  seems  to  me  much  more  likely  that 
the  actual  act  of  emission  of  heat  from  the  sun  is  variable,  than  that 
the  change  of  eccentricity  of  the  orbit  should  have  any  sensible 
effect." 

If  this  be  the  case,  CroU's  theory  is  reduced  to  Adh6mar*s,  who, 
in  his  Revolutions  de  la  Mer,  2nd  edition,  1860,  published  his  view 
that  Glacial  epochs  were  caused  by  the  mere  alternate  presentation 
of  the  north  and  south  poles  of  the  earth  to  the  sun,  owing  to  the 
precession  of  the  axis ;  no  reference  being  made  by  him  to  changes 
of  eccentricity.  It  is  remarkable  that  Croll  did  not  know  of 
Adhemar*s  work  when  he  first  published  his  theory.  I  had  heard 
two  friends  talking  about  it  at  a  meeting  of  the  Geological  Society, 
which  led  me  to  buy  the  book,  and  finding  no  allusion  to  Adhemar 
in  Croll's  papers,  I  drew  his  attention  to  it. 

In  what  I  have  now  written  I  do  not  wish  it  to  be  thought  that  I 
am  expressing  any  opinion  of  my  own  upon  the  subject,  but  I  think 
these  matters  of  ancient  history  may  prove  of  interest  to  your 
readers.  O.  Fishbb. 

Harlston,  Camb&idob,  7th  February,  1895. 


PROFESSOR   HULL   AND   THE    CAMBRIAN    AGE    OF    THE 

CHARNWOOD    CLASTICS. 

SiH, — I  do  not  think  that  Professor  Hull's  letter  in  last  month's 
Grologioal  Magazine  will  do  much  to  convince  students  of  the 
older  rocks  that  the  Charnwood  elastics  are  of  Cambrian  age.  He 
relies  chiefly  upon  the  authority  of  Sedgwick  and  Jukes.  The 
views  of  these  eminent  men  on  matters  coming  within  their  know- 
ledge would  undoubtedly  carry  great  weight  with  the  younger 
generation  ;  but  it  would  be  the  height  of  rashness  to  sugorest  that 
they  would  have  continued  to  adhere  to  their  opinion  had  they 


Correijxmdenee — Dr.  C.  CMaway.  143 

lived  to  the  preaent  day.  Sinoe  their  time  a  new  chapter  of  the 
geological  record  has  heen  opened.  In  the  Midlaud  Counties  large 
formations  have  heen  discovered  that  hear  a  much  closer  relation 
to  the  Chamwood  rocks  than  do  the  Lower  Oambrians  of  North 
Wales.  Professor  Hall  states  that  the  publication  of  these  results 
has  not  led  him  to  alter  his  opinion.  But  has  he  examined  the 
new  evidence?  £bs  he  studied  the  Urioonian  slates  and  grits  of 
Shropshire?  Does  he  know  the  slaty  rocks  of  the  Herefordshire 
Beacon,  near  Malvern,  which  in  1880  I  correlated  with  the  Salopian 
pre-Cambrians  ?  Professor  Bonney  and  the  Bev.  K  Hill  have 
demonstrated  that  the  Ohamwood  elastics  are  of  volcanic  origin, 
and  Mr.  Allport  has  done  the  same  for  the  Uriconian  of  Shropshire. 
Both  in  hand-specimens  and  in  microscopic  slides  the  rocks  of 
Chamwood  and  of  Shropshire  evince  the  most  marked  similarity. 
The  slates  and  grits  of  the  Lower  Cambrian  of  North  Wales,  on  the 
other  hand,  are  ordinary  sediments.  Macroscopically,  they  are 
lomewhat  like'  the  Chamwood  dastics;  microscopically,  they  are 
widely  different  As  Sedgwick  and  Jukes  did  not  study  these  rocks 
under  the  microscope,  they  were  naturally  unaware  of  this  difference. 
Professor  Hull  has  survived  to  a  happier  epoch,  and  he  can  judge 
for  himself.  He  would  also  find  it  an  interesting  task  to  study 
the  basal  Cambrian  strata  that  Professor  Lap  worth  has  discovered  in 
Warwickshire,  and  the  volcanic  rooks  that  underlie  them.  After  he 
has  done  so,  he  will  find  it  hard  to  believe  that  the  shales  and 
quartzites  of  Nuneaton  are  the  equivalents  of  the  ash-beds  and 
agglomerates  of  Chamwood.  Why  Professor  Hull  should  go  90 
miles  off  to  correlate  the  Chamwood  elastics  with  rooks  which  but 
superficially  resemble  them,  when  he  can  find  formations  that  really 
do  resemble  them  within  half  that  distance,  is  a  problem  that  I  must 
leave  the  Professor  himself  to  solve.  C.  Callaway. 

Sandorb,  Wellington,  Salop,  8M  February ,  1895. 


DESTRUCTION   OF  ECCLES   CHURCH,   OX   THE  NORFOLK   COAST. 

Sib, — An  ancient  landmark  on  the  coast  of  Norfolk,  one  well 
known  to  readers  of  Lyell's  "  Principles  of  Geology,"  has  been 
destroyed  by  the  breakers  during  a  severe  storm,  on  January  23rd 
of  this  year.  The  old  tower  of  Eooles  church  has  for  many  years 
remained  as  a  witness  to  the  destruction  of  our  shores.  Since 
the  Conquest,  the  greater  part  of  the  village  of  Ecoles,  between 
Happisburgh  and  Winterton,  has  been  destroyed.  The  church  itself 
was  abandoned  nearly  three  hundred  years  ago.  In  1833,  as  noted 
by  Samuel  Woodward,  its  remains  were  still  to  be  seen  partially 
buried,  as  it  were,  within  the  *' Marram  Hills"  or  sand-dunes.  In 
1862  the  hillocks  of  sand  were  drifted  further  inland,  and  the  tower 
of  the  church  was  left  standing  on  the  foreshore,  several  yards 
below  high  water-mark,  with  the  basement  portion  of  the  nave  still 
showing  in  places  amid  the  beach  sand  and  shingle.  Now  the  sea 
has  heateii  down  the  tower.  It  fell  in  a  north-westerly  direction  in 
the  very  teeth  of  the  gale,  the  sea  breaking  furiously  against  the 
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edifice,  and  the  spray  at  times  going  over  its  sammit  before  the  final 
catastrophe.  Huge  masses  of  masonry  now  lie  about  in  strange 
oonfasion  to  mark  the  spot  where  once  stood  this  famous  church; 
but  ere  long  probably  every  vestige  of  it  will  be  obliterated. 

Norwich. 


A  GLACIAL  COMMITTEE  FOR  NORTH  AMERICA  AND  EUROPE. 

Sir. —  The  following  are  the  names  of  members  of  the  International 
Glacial  Committee  created  at  Zurich  last  summer.  The  list  is  to  b^ 
completed  by  representatives  of  Bussia  and  Italy. 


COUNTBIBB. 

Nambs. 

Add&sss. 

United  States,  N.  America 
Austria     

Prof.  Dr.  F.  Reid  

Prof.  Dr.  Richter  

Baltimore. 
Gras. 
Munich. 
Paris. 

Mwges. 
Copenhagen 
Christiania 
Stockholm 

Easterton  Lodge,  Park- 
stone,  Dorset. 

Germanj  

Prof.  Finsterwalder    

Prince  Roland  Bonaparte 
Prof.  F.  A.  Forel  and 
Dr.  Leon  dn  Pasquier  (as 
Secretary) 

France      

Switzerland      

Denmark 

Dr.  K.  I.  v.  Steenstrup... 
Dr.  A.  Ojen    

Norway..... 

Sweden 

Great  Britain  

Dr.  Srenonins 

Capt.  MarshaU  Hall  

The  committee  has  powers  to  adopt  its  own  organization,  and  i> 
to  report  to  the  General  Committee  of  the  Congress,  which  w^ 
invited  by  the  late  Tsar  to  meet  at  St  Petersburg.  Prof.  Forel  i> 
the  Organizing  Secretary.  Marshall  Hall. 

Eastbrtow  Lodok,  Parkstoitb,  Dorsbt. 

Mr.  Robert  Ethertdge,  Jun.,  formerly  of  the  Geological  Depax't- 
ment  in  the  British  Museum  (Natural  History),  and  who  for  the  l^st 
few  years  has  occupied  the  position  of  Palaeontologist  to  the  Museu  m 
and   the   Geological   Survey  of    New   South  Wales,    Sydney,  i^as 
appointed  on  the  Ist  of  January  to  the  office  of  Curator  of  the 
Australian  Museum,  Sydney,  N.S.W.,  in  the  place  of  Mr.  E.     P» 
Ramsay,  F.L.S.,  F.G.S.,  who  has  retired,  having  been  in  failing  health 
for  some  years.     Mr.  R.  Etheridge,  jun.,  has  distinguished  himself 
both  in  this  country  nnd  in  Australia  by  his  scientific  researches,  and 
has  just  been  awarded  the  Clarke  Medal  from  the  Royal  Society  of 
New  South  Wales  for  his  contributions  to  Australian  geology. 


With  deep  regret  we  have 
F.R.S.,  Foreign  Secretary  of 
took  place  on  February  19th 
great  scientific  abilities,  and 
he  had  endeared  himself  to 
personal  qualities.  We  hope 
work  in  the  April  Number. 


to  record  the  death  of  Mr.  J.  W.  Holkk, 
the  Geological  Society  of  London,  which 
,  after  a  brief  illness.    In  addition  to  his 
his  distinguished  position  as  a  surgeon, 
a  wide  circle  of  friends  by  his  amiable 
to  give  a  suitable  notice  of  his  scientific 
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L— A  Contribution  to  Knowledge  of  thb  Fossil  Fish  Fauna 

OF  THB  English  Purbkok  Beds. 

By  Abthxtr  Smith  Woodward,  F.L.S.,  F.G.8., 
Of  the  Britiflh  Museum  (Natural  History). 

(PLATE  yi.  Figs.  1-9.) 
1.  The  Purbeckian  Fishes  of  the  Vale  op  Wardour,  Wiltshire. 

SINCE  the  publication  of  the  notes  on  some  new  fishes  from  the 
English  Purbeck  and  Wealden  Beds  five  years  ago,*  the  Rev. 
W.  R.  Andrews,  of  Teffont,  has  kindly  entrusted  to  the  writer  for 
examination  a  fine  series  of  Purbeckian  fishes  from  the  Vale  of 
Wanlour.  All  the  members  of  this  fauna  are  remarkably  diminutive, 
compared  with  those  met  with  in  the  corresponding  formation  in 
Dorsetshire ;  but  nearly  all  the  species  are  well  preserved,  and  some 
are  sufficiently  novel  to  be  worthy  of  detailed  description.  The 
Pycnodont  genus  Mesodan,  which  was  first  described  from  the  English 
Purbeck  in  the  paper  already  cited,  is  here  represented  by  one  or  two 
more  forms;  the  Lepidosteoid  Macrosemiua  is  now  first  definitely- 
recorded  as  a  British  fossil ;  additional  examples  of  Pleuropholh  ex- 
tend previous  information  of  that  genus ;  new  specimens  of  L&ptolepis 
Brodiei  add  to  the  known  specific  characters  of  this  fish ;  and  the 
opportunity  is  now  affonled  for  publishing  a  figure  of  the  small 
Palffioniscid,  Coccolepis  Andrewsi.^ 

Coccolepis  Andrewsi,  A.  S.  Woodward.     Plate  VII.  Fig  1. 

1891.    Coeeolepi*  AndrtwH,  A.   S.  "Woodward  {ex  R.  H.  Traquair,  MS.),  Catal. 

Fo88.  Fishes,  Brit.  Mus.  pt.  ii.  p.  254. 

A  small  species  attaining  a  lengtli  of  about  0*06  m.;  maximum  depth 
of  trunk  contained  at  least  six  times  in  the  total  length ;  upper  caudal 
lobe  excessively  elongated  and  slender.  Fin-rays  with  distant  articu- 
lations. Dorsal  fin  arising  slightly  in  advance  of  the  middle  point  of 
tlie  back,  opposed  to  the  hinder  portion  of  the  pelvic  fins,  as  deep  as 
long,  and  its  maximum  depth  not  exceeding  that  of  the  trunk  at  its 
pomt  of  origin ;    anal  fin  scarcely  deeper  than  long,  about  two-thirds 

'  A.  S.  Woodward,  "On  some  New  Fishes  from  the  English  Wealden  and 
l*urbeck  Beds  referable  to  the  genera  OHffopleurus,  SirobiloduSf  and  Mesudon^^''  Proc. 
2ool.  Soc.  1890,  pp.  346-363,  pis.  xxviii.,  xxix. 

*  For  a  valuable  account  of  the  stratigraphy  of  the  formations  in  which  these  fishes 
?jc^,  see  W.  R.  Andrews  and  A.  J.  Jukt»- Browne,  "The  Purbeck  Beds  of  the 
»ale  of  Wardour,*'  Quart.  Joum.  Geol.  Soc.  vol.  1.  (1894),  pp.  44-69. 
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as  long  as  the  dorsal,  ariMog  completely  behind  the  latter  and 
situated  close  to  the  caudal  fin.  Scales  very  coarsely  granulated; 
fulcra  of  upper  caudal  lobe  slender,  much  elongated,  and  very 
numerous. 

The  above  diagnosis,  published  in  1891,  was  based  on  a  nearly 
complete  fish,  presented  by  the  Rev.  W.  R.  Andrews  to  the  Museum 
of  Practical  Geology.  The  specimen  itself,  however,  has  npt  hitherto 
been  described  and  figured,  and  the  writer  is  now  indebted  to  Mr. 
E.  T.  Newton,  F.R.S.,  for  the  privilege  of  again  referring  to  it  in  the 
present  contribution.  The  specimen  is  partly  preserved  in  counterpart, 
and  the  best  side  is  shown  of  the  natural  size  m  PL  VII.  Fig  I. 

Axial  Skeleton. — The  head  appears  to  be  typically  PaLasoniscid,. 
though  too  imperfect  for  description;  the  only  noteworthy  features 
are  a  few  slender  conical  teeth  in  the  mandible,  and  traces  of  delicate 
broad  branchiostegal  rays  below.  The  axial  skeleton  of  the  trunk  is 
well  exhibited  through  the  thin  squamation,  and  appears  as  already 
described  in  C.  liassiea  from  the  Lias  of  Lyme  Regis.^  The  neural  and 
haemal  arches  are  at  least  superficially  ossified,  and  preserved  throughout 
the  length  of  the  fish.  Their  total  number  to  the  origin  of  the  caudal 
fin  is  approximately  thirty-eight,  and  of  these  about  sixteen  may  be 
reckoned  as  caudal.  There  are  no  ribs,  the  hsemal  arches  in  the 
abdominal  region  being  merely  a  series  of  diminutive  cartilages,  best 
seen  in  the  counterpart  of  the  fossil  here  figured.  The  neural  spines 
in  the  abdominal  region  are  stout  and  relatively  large,  not  fused  with 
their  supporting  arches;  but  both  these  and  the  hsemal  spines  are 
firmly  fixed  to  their  arches  in  the  tail.  At  the  base  of  the  caudal  fin 
the  hsemals  are  enlarged  for  the  direct  support  of  the  dermal  rays ; 
and  a  series  of  very  small,  though  stout,  hsemals  is  continued  for 
some  distance  along  the  lower  margin  of  the  upper  caudal  lobe.  The 
neural  arches  at  the  base  of  the  tail  are  apparently  aborted,  and  there 
is  a  series  of  distinct  supporting  ossicles  beneath  the  fulcra  of  the 
upper  caudal  lobe.  There  is  no  trace  of  ossifications  referable  to  the 
notochordal  sheath. 

Appendicular  Skeleton, — All  the  fins  except  the  pectorals  are  well 
preserved.  Ordinary  fulcra  are  absent ;  but  at  the  origin  of  each  fin 
there  are  three  or  four  short,  un jointed  rays  gradually  increasing  in 
length  to  its  highest  point,  where  the  normal  rays  begin,  with  distant 
articulations  and  (in  the  caudal  fin  at  least)  with  distal  bifurcation. 
The  pelvic  fin  is  about  as  long  as  deep,  arising  midway  between  the 
pectoral  arch  and  the  anal;  its  rays  are  shown  to  be  not  less  than 
twenty  in  number,  but  the  supports  are  unfortunately  not  observable. 
The  dorsal  fin,  arising  opposite  the  hindermost  portion  of  the  pelvio 
pair,  has  about  sixteen  articulated  rays;  and  a  more  imperfect  specimen 
presented  by  Mr.  Andrews  to  the  British  Museum  (No.  P.  6302)  seems 
to  exhibit  five  endoskeletal  supports  for  the  six  foremost  articulated 
rays.  The  anal  fin  is  somewhat  smaller  than  the  dorsal,  but  its 
number  of  rays  appears  to  be  the  same ;  and  the  series  of  supports, 
well  preserved  in  the  British  Museum  fossil,  comprises  fourteen  for 
the  whole  fin,  while  the  foremost  of  these  basals  is  much  the  longest. 

Woodward,  ''Notes  on  some  Ganoid  Fishes  from  the  English  Lower 
-  UMg.  Nat.  Hist  [6]  toI.  ▼.  (1890),  p.  433. 
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The  caudal  fin  is  crushed  in  the  type  specimen  and  imperfect  in  the 
other,  BO  that  the  inequality  or  equality  of  the  lobes  cannot  be 
determined. 

Spiamation. — ^The  whole  of  the  trunk  is  covered  with  small,  thin 
scales,  which  have  the  appearance  of  overlapping;  but  they  are  too 
obscure  for  detailed  description.  A  few  large  tubercles  of  ganoine  are 
distinctly  observable  on  the  flank  of  the  abdominal  region. 

Mori%tm  and  Locality, — Lower  Purbeck  :  Tetfont. 

Mesodon  maeropterus,  Ag.,  var.  parvus,  no  v.  Plate  VII.  Fig  2. 
The  type  specimen  of  this  variety  is  nearly  complete,  wanting  only 
the  anterior  portion  of  the  head.  It  is  shown  of  the  natural  size  in 
PL  VII.  Fig.  2,  and  is  sufficiently  well  preserved  to  enable  the 
principal  characters  of  the  trunk  and  fins  to  be  ascertained.  The 
dorsal  contour  is  much  arched,  though  rounded,  and  the  maximum 
depth  of  the  trunk  in  advance  of  the  origin  of  the  dorsal  fin  equals  its 
total  length,  measured  from  the  hinder  border  of  the  operculum  to  the 
extremity  of  the  caudal  fin.  The  head  with  opercular  apparatus, 
when  complete,  would  probably  occupy  not  less  than  one-quarter  of 
the  total  length. 

Mead  and  Opercular  Apparatus. — Of  the  head,  only  fragments  of 
the  hinder  cranial  roof-bones  remain  above,  while  an  indeci];)herable 
impression  of  the  hyomandibular  and  its  connections  appears  behind. 
The  preoperculum  {p^op.)^  as  usual  is  the  largest  ossification  in  the 
opercular  fold,  this  being  triangular  in  shape,  with  the  apex  directed 
upwards.  The  bone  is  twice  as  deep  as  its  maximum  breadth,  and  is 
marked  only  by  radiating  lines.  The  operculum  (op.)  is  relatively 
small  and  narrow,  tapering  to  a  point  below,  and  about  two-thirds  as 
deep  as  the  preoperculum.  It  seems  to  have  been  smooth  ext<;rnally, 
being  crossed  only  by  one  small  oblique  ridge. 

Axial  Skeleton  of  Trunk. — The  notochord  must  have  been  persistent 
as  indicated  by  the  vacant  space,  and  there  are  no  ossifications  in  the 
sheath.  The  bases  of  the  neural  and  hajmal  arches,  though  robust, 
are  not  much  expanded.  The  neural  and  haemal  spines  are  all  fused 
with  their  supporting  arches  and,  except  in  the  caudal  pedicle,  are 
observed  to  be  long  and  slender,  bearing  the  ordinaiy  median  laminar 
expansion  in  front;  the  hsemals  at  the  base  of  the  cauchd  fin,  to  the 
number  of  about  ten,  are  relatively  robust  and  expanded  distally  for 
the  support  of  the  rays.  The  total  number  of  arches,  excluding  the 
latter,  is  about  thirty. 

Appendtctdar  Skeleton. — Of  the  pectoral  arch,  the  clavicle  {d.)  only 
is  exposed  in  position  behind  the  opercular  bones.  It  is  seen  to  be 
expanded  below  and  tapering  above,  with  remains  of  the  pectoral  fin 
posteriorly  at  a  considerable  distance  above  its  inferior  extremity. 
The  basal  lobe  of  the  pectoral  fin  exhibits  seven  of  its  supporting 
cartilages  radiating  from  its  short  attachment.  Traces  of  very  feebly 
developed  pelvic  fins  occur  at  a  point  much  nearer  to  the  origin  of  the 
anal  fin  than  to  the  pectoral  arch :  they  consist  of  delicate,  distally 

*  The  bone  here  named  "preoperculum"  has  hitherto  been  named  operculum, 
while  the  ** operculum"  has  always  been  described  as  supraclavicle.  The  writer 
will  flhortly  pooliBh  proof  of  the  accuracy  of  this  amended  interpretation. 
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bifurcating  rays,  but  nothing  can  be  discerned  as  to  their  supporting 
elements.  The  dorsal  fin  arises  about  the  middle  point  of  the  trunk^ 
though  not  quite  at  the  summit  of  the  dorsal  convexity :  it  is  imperfect 
in  front  and  at  the  distal  border,  but  comprises  about  thirty-five  well- 
spaced  delicate  rays.  The  anal  fin  is  similar,  but  much  shorter, 
comprising  not  more  than  twenty-six  rays.  The  caudal  fin  is  stouter 
than  the  other  median  fins,  and  its  rays,  to  the  number  of  about 
eighteen,  are  produced  into  more  prominent  bifurcations  distally. 

Squamation. — Remains  of  thick  scales,  of  the  usual  form,  occur  over 
the  anterior  half  of  the  fish,  with  prominent  ridge-scales  (about 
fourteen  in  number  dorsally),  and  extending  as  far  as  a  line  joining 
the  origin  of  the  dorsal  and  anal  fins.  No  superficial  tubercular 
ornament  can  be  observed,  but  this  circumstance  may  well  be  due 
to  imperfection  in  preservation.  On  the  caudal  region  there  is  no 
evidence  of  any  squamation ;  but  a  series  of  small,  elongated,  tubular 
ossifications  seems  to  show  that  even  in  its  hinder  half  the  course  of 
the  lateral  line  was  protected  by  hard  parts. 

Specific  Determination. — The  fish  thus  described  is  much  smaller 
than  any  example  of  Meeodon  hitherto  known,  and  is  probably  another 
adult  member  of  the  remarkably  dwarfed  fish-fauna  characteristic  of 
the  Lower  and  Middle  Purbeck  in  the  Yale  of  Wardour.  It  is 
distinguished  from  M.  Daviesiy  the  only  described  Purbeckian  species, 
by  its  larger  head,  deeper  trunk,  and  the  slightly  smaller  number  of 
rays  in  its  dorsal  and  anal  fins.  With  M.  macropteruSy  however,  from 
the  Lithographic  Stone  of  Bavaria,  it  is  almost  identical,  except  in 
size,  agreeing  with  this  fish  in  its  general  proportions  and  the  number 
of  rays  in  the  dorsal  fin.  The  anal  fin  has  four  or  five  rays  fewer  than 
usual  in  M,  macropterus,  and  the  scales  seem  to  cover  quite  half  of 
the  trunk.  Until  the  discovery  of  more  specimens  with  the  dentition, 
Mr.  Andrews*  fish  may  therefore  be  provisionally  placed  in  the  last- 
mentioned  species  as  a  distinct  dwarf  variety  named  parvus. 

Horizon  and  Locality, — Middle  Purbeck :  Lime  Kiln  Quarry,  Teffont. 

Mesodon,  sp. 

Another  specimen  of  Mesodon  obtained  by  Mr.  Andrews  from  the 
Middle  Purbeck  of  the  Lime  Kiln  Quarry,  Teffont,  is  too  imperfect 
for  specific  determination,  but  is  worthy  of  a  brief  notice.  The  total 
length  of  the  fish  is  about  013  m.,  and  the  proportions  of  its  head  and 
trunk  are  as  in  M,  macropterus.  All  the  teeth  exhibited,  including 
those  of  the  principal  splenial  series,  are  indented  at  the  apex,  and 
some  of  the  round  lateral  teeth  are  also  crenulated.  The  squamation 
is  preserved  over  half  the  trunk,  and  at  least  seventeen  vertebral 
arches  are  indicated  in  the  caudal  region.  The  median  fins  are  very 
imperfect,  but  the  caudal  fin  clearly  exhibits  the  form  characteristic 
of  Mesodon, 

Macrosemim  Andrewsi^  sp.  nov.     Plate  VII.  Fig.  8. 

This  species  is  founded  upon  a  small  specimen,  0*32  m.  in  length, 
without  the  caudal  fin.  Both  sides  of  the  fossil  are  preserved,  and 
one  is  shown  of  the  natural  size  in  PI.  VII.  Fig.  3.  The  length  of  the 
head  with  opercular  apparatus  considerably  exceeds  its  maximum 
depth,  and  is  contained  about  three-and-a-half  times  in  the  total 
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length  to  fhe  base  of  the  caudal  fin.  The  maximum  depth  of  the 
trunk  is  twice  that  of  the  caudal  pedicle. 

Head  and  Opereuiar  Apparatus. — Though  much  fractured,  the  head 
has  precisely  the  aspect  of  that  of  HaerosemiuSj  and  the  straight 
parasphenoid,  parallel  with  the  hinder  part  of  the  cranial  roof,  is 
distinctly  shown  in  section.  A  few  large  styliform  teeth  occur  in  the 
short  jaws;  while  below  and  behind  the  ceratohyal  some  slender 
branchiostegal  rays  are  preserred. 

Axial  Skekton  of  Trunk,  —  The  persistence  of  the  notochord  is 
indicated  by  the  vacant  space  between  the  neural  and  haemal  arches  of 
the  axial  skeleton  of  the  trunk ;  but  there  are  robust  small  hypocentra 
and  pleurocentra,  especially  conspicuous  in  the  abdomind.  region. 
Kibe  are  shown  extending  not  quite  to  the  ventral  border  of  the 
abdomen;  and  the  haemal  arches  in  the  caudal  region  are  very  stout 
at  the  base  of  the  caudal  fin.  It  is  difficult  to  count  the  vertebne, 
but  there  cannot  have  been  less  than  thirty-five. 

Appendicular  Skeleton. — Portions  of  all  the  fins  are  shown,  but  the 
caudiEd  and  pectorals  are  especially  fragmentary.  The  pectoral  fin-ravs 
are  very  long  compared  with  those  of  the  pelvic  fin,  which  is  small 
and  situated  much  nearer  to  the  anal  than  to  the  pectorals ;  the  much- 
expanded  proximal  end  of  the  pelvic  support  is  observable.  Vnless 
the  state  of  preservation  is  deceptive,  the  dorsal  fin  arises  slightly 
further  back  than  usual  in  the  genus,  above  the  fifth  pair  of  ribs  ;  but 
there  seem  to  be  stout  fin-supports  in  advance  of  this,  and  some  rays 
may  thus,  perhaps;  have  been  accidentally  destroyed.  The  number  of 
rays  distinguishable  is  about  twenty-five,  and  they  are  all  slender, 
showing  distant  articulations,  though  no  clear  evidence  of  bifurcations, 
while  the  length  of  those  in  the  caudal  region  apparently  does  not 
exceed  the  depth  of  that  part  of  the  trunk ;  the  supports  are  com- 
paratively robust,  tapering  and  curved  forwards  at  their  lower 
extremity.  The  anal  fin,  as  ordinarily,  is  quite  small,  comprising 
only  seven  or  eight  rays. 

Squamation. — There  are  remains  of  very  thin  scales  over  the  whole 
of  the  trunk,  but  nothing  can  be  ascertained  of  their  characters.  Of 
the  large  fulcral  scales  at  the  base  of  the  caudal  fin,  only  one 
imperfect  example  can  be  seen  above  and  below. 

Specific  Determination. — The  fish  thus  described  most  clo^jely 
resembles  a  small  species  from  the  Upper  Portlandian  of  Savounieres- 
en-Perthois,  Meuse,  France,  described  by  Dr.  Sauvage  under  the  name 
of  Macroeemiue  peetoralis.^  The  counterpart  of  the  type  specimen  of 
this  form  has  recently  been  acquired  by  the  British  Museum,  and  so 
admits  of  direct  comparison.  The  Purbeckian  fish,  however,  is  only 
about  two-thirds  as  large  as  that  from  the  French  Portlandian,  and  is 
distinguished  by  its  more  robust  caudal  region,  perhaps  also  by  the 
smaller  number  of  rays  in  its  dorsal  fin.  The  fact  that  its  hinder 
dorsal  fin-rays  are  not  observed  to  bifurcate,  as  they  certainly  do  in 
the  French  fish,  may  be  due  to  imperfect  preservation.  The  smaller 
degree  of  ossification  of  the  vertebral  elements  may  or  may  not  be  due 
to  the  immaturity  of  the  new  specimen.     In  any  case,  the  proportions 

^  H.  £.  SaiiTage,  Bull.  Soc.  G^L  France  [3]  vol.  xL  (1883),  p.  477,  pi.  xii. 
ilg.  17. 
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of  Mr.  Andrews'  fossil  entitle  it  to  specific  distinction,  and  it  may 
appropriately  bear  the  name  of  M,  Andrews  in  compliment  to  its 
discoverer. 

Sorizon  and  Locality. — Middle  Furbeck :   Teffont. 

Fry  of  Fkuropholis.'-^laie  VII.  Fig.  4. 

The  considerable  thickness  of  the  scales  in  Pleuropholis  has  hitherto 
prevented  any  glimpse  being  obtained  of  the  internal  skeleton  in  that 
genus.  It  is  therefore  of  interest  to  find  in  Mr.  Andrews*  collection 
some  immature  individuals  in  which  the  squamation  is  still  un- 
developed. One  of  these  is  shown  of  the  natural  size  in  PL  YLL 
Fig.  4,  and  exhibits  the  greater  part  of  the  skeleton. 

The  notochord  must  have  been  persistent,  but  the  arches  are  robust. 
In  the  abdominal  region  the  neural  arches  and  their  spines  are 
separate ;  but  in  the  caudal  region  both  the  neural  and  haemal  spines 
are  shown  to  be  directly  fused  with  their  supporting  arches.  There 
are  well- developed,  though  slender,  ribs,  not  reaching  the  ventral 
region.  The  tail  ends  in  a  slender  upturned  production  of  the  noto- 
chord, with  expanded  haemal  spines  below.  The  small  pelvic  fins 
are  situated  midway  between  the  pectorals  and  the  anal ;  the  dorsal 
and  anal  fins  are  large,  and  their  rays  are  proved  to  be  exactly  equal 
in  number  to  the  supports.  The  only  trace  of  the  squamation  is  the 
middle  portion  of  the  deep  flank -series,  which  exhibits  a  certain 
amoimt  of  superficial  ganoine. 

Horizon  and  Locality, — Lower  Purbeck  :  Teffont. 

Leptolepis  Brodieij  Egerton.     Plate  VII.  Figs.  6,  6. 

[Brodie's  Foss.  Insects,  1845,  p.  15,  pi.  i.  figs.  1-3.] 

The  fine  new  specimens  of  this  diminutive  fish  collected  by  Mr. 
Andrews  add  a  little  to  our  knowledge  of  the  species ;  and  two 
examples  of  the  trunk  are  shown  of  the  natural  size  in  PI.  VI L 
Figs  5,  6. 

The  caudal  vertebrae  are  now  proved  to  be  about  twenty,  and  the 
abdominal  vertebrae  also  not  less  than  twenty  in  number.  Inter- 
muscular bones  are  conspicuous  in  the  abdominal  region  of  the  original 
of  Fig.  5,  and  there  also  appear  to  be  traces  of  the  short  free  neural 
spines.  The  small  pelvic  fins,  each  with  about  eight  rays,  arise 
opposite  to  the  origin  of  the  dorsal  The  latter  is  large,  comprising 
ten  rays,  of  which  the  first  three  are  much  closer  together  than  the 
others.  The  anal  fin  arises  considerably  behind  the  middle  point 
between  the  pelvics  and  the  caudal,  and  is  very  small  and  low,  com- 
prising seven  rays.  The  caudal  fin,  hitherto  unknown,  is  very  robust, 
consisting  of  stouter  rays  than  those  in  any  of  the  other  fins.  A  long 
mass  of  coprolitic  matter  {c)  is  observable  in  the  original  of  Fig.  6, 
between  the  pelvic  and  anal  fins,  indicating  that  the  anal  opening 
mu"^t  have  been  situated  immediately  in  front  of  the  latter  fin. 

Horizon  and  Locality, — Lower  Purbeck :  Lime  Kiln  Quarry,  Teffont. 

2.  Some  T72n)ESCBiB£D  Jaws  of  Fishes  from  the  Pubbeckian  of 

Swan  AGE,  Dobsetshibe. 
There  are  still  several  undescribed  fishes  represented  by  fragmentary 
iremains  from  the  Purbeck  Beds  of  Swanage.     Among  these  fossils  are 
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some  detached  jaws  of  considerable  interest,  and  two  forms  seem 
worthy  of  immediate  notice. 

Caiurus  tenuidens,  sp.  nov.  Plate  YII.  Figs.  7,  8. 
This  form  of  jaw,  not  uncommonly  met  with  in  the  Purbeck  Beds  of 
8wanage,  requires  a  provisional  name,  and  two  typical  specimens  are 
Bhown  of  the  natural  size  in  PI.  VII.  Figs.  7,  8.  Fig.  7  represents  the 
greater  part  of  a  right  mandibular  ramus,  which  may  be  regarded  as 
the  type  of  the  species,  and  Fig.  8  shows  a  left  maxilla,  both  from  the 
outer  aspect.  Another  left  mandibular  ramus  in  the  British  Museum 
(No.  P.  442)  is  also  typical.  The  dentary  bone  is  almost  smooth 
externally,  only  displaying  some  rugosity  towards  its  inferior  border, 
and  its  hinder  margin  is  excavated  for  union  with  the  angular  element. 
Posteriorly  it  suddenly  rises  into  the  coronoid  process,  which  is  bent 
somewhat  inwards;  anteriorly  it  tapers  to  an  acute  point,  curved 
a  little  upwards.  The  teeth  are  very  slender,  often  slightly  bent  at 
the  apex,  and  not  expanding  at  the  base;  they  are  comparatively 
uniform  in  size,  not  crowded,  and  the  height  of  those  in  the  middle 
of  the  series  is  considerably  less  than  the  depth  of  the  bone  at  their 
insertion.  The  maxilla  is  very  narrow,  but  robust,  and  with  a  slight 
sigmoidal  curve ;  its  teeth,  which  are  similar  to  those  of  the  dentary, 
are  largest  in  front,  and  gradually  decrease  in  size  backwards. 

The  jaws  thus  described  are  indistinguishable  from  those  of  the 
genus  CaturuSf  to  which  it  is  almost  certain  they  will  eventually  prove 
to  pertain.  Among  described  species  they  appear  to  approach  most 
closely  the  corresponding  parts  of  Caturus  furcatm  and  C.  pachyurus 
of  the  Bavarian  Lithographic  Stone ;  but  in  both  these  species  the 
teeth  are  more  expanded  at  the  base,  and  those  of  the  middle  of  the 
dentary  seem  to  be  at  least  as  deep  as  the  bone  at  their  point  of 
insertion.  It  is  also  most  improbable  that  the  fossils  now  under 
consideration  represent  the  young  of  Caturus  ( Strobilodus)  Furheckerisis, 
which  has  jaws  and  teeth  of  very  different  proportions.  They  may 
therefore  receive  the  provisional  name  of  Caturus  tenuidens, 
(EonoscopuSy  sp.     Plate  VII.  Fig.  9. 

A  right  maxilla  in  the  British  Museum,  shown  of  the  natural  size 
in  PI.  VII.  Fig.  9,  seems  to  indicate  a  genus  of  fishes  not  hitherto 
recorded  from  British  strata.  It  is  not  sufficient  for  specific  determi- 
nation, but  a  brief  account  of  its  characters  may  lead  to  the  discovery 
of  other  remains  of  the  same  fish.  The  bone  is  much  lateral! v 
compressed,  and  considerably  more  than  twice  as  deep  behind  as  in 
front ;  its  hinder  margin  is  slightly  excavated ;  w^hile  a  large  and 
robust  anteriorly-directed  process  for  the  pahitine  articulation  curves 
slightly  inwards  from  its  anterior  end.  Its  outer  face  is  almost 
smooth,  being  very  faintly  rugose,  and  the  oral  margin  is  only  slightly 
sinuous.  The  teeth  do  not  varv  much  in  size,  and  are  small,  but 
stout  and  conical,  with  the  blunt  enamelled  apex  turned  somewhat 
inwards.  They  are  hollow  and  smooth,  and  closely,  though  irregularly, 
arranged.  Some  teeth  are  broken  away  from  the  gaps  observed  in  the 
series. 

This  fossil  resembles  the  maxilla  of  Megalurus,  though  very  much 
larger  than  the  bone  in  any  known  species  of  that  genus ;  and  on 
instituting  comparisons,  it  will  be  found  to  agree  still  more  closely 
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both  in  size  and  proportions  with  the  corresponding  element  in 
(Eonaseopus}  Two  examples  of  (Eonqseopus  et/prinoidea  from  the 
Bavarian  Lithographic  Stone  (Brit.  Mus,  Nos.  37795-a)  are  available 
for  reference,  and  the  maxilla  is  tolerably  well  preserved  in  both. 
The  writer  has  thus  little  hesitation  in  predicting  that  one  more  genus 
will  soon  be  recognized  as  common  to  the  Purbeckian  fish  fauna  of 
England  and  the  Lower  Kimmeridgian  fish  fauna  of  the  Continent, 
which  have  long  been  known  to  exhibit  the  closest  relationahip. 

EXPLANATION   OF  PLATE   VII. 

Fio.    1.     Coccolepi9  Andrewsi,  A.  8.  Woodw. — Lower  Purbeck :  Teffont.   [Museum 
of  Practical  Geology.] 
2.     M0»odon  macroptertitj  var.  parvus^  noT. — Middle  Purbeck:    lime  Kiln 
Quarry,  Teffont.     el,  clavicle ;  op.  operculum  ;  p. op.  preopeiculnm. 
[Collection  of  Rev.  W.  R.  Andrews.] 

8.  MaeroMemius  Andrewsi,  sp.  nov. — Middle  Purbeck:  Teffont.  [British 
Museum,  No.  P.  6303.J 

4.  Fry  of  Fleuropholity  showing  incomplete  flank -scales  over  vertebral 
column. — Lower  Purbeck:  Teffont.  [Collection  of  Rev.  W.  R. 
Andrews.] 

6,  6.  Leptolepit  Brodiei,  Ag. — Lower  Purbeck :  Lime  Kiln  Quarry,  Teffont. 
e.  ooprolitic  contents  of  intestine.  [Collection  of  Rev.  W.  R. 
Andrews.] 

7,  8.  Caturui  tenuid^ns,  sp.  nov. ;  right  dentary  and  left  maxilla,  outer 
aspect. — Purbeck  Beds:  Swanage.  [British  Museum,  Nos.  40657| 
P.  442  a.] 

9.  (Eonoticopm,  sp. ;  right  maxilla,  outer  aspect. — Purbeck  Beds :  Swanage, 
[British  Museum,  No.  33477.] 

„  10.  Otteorachis  macroeephalus,  Egert. ;  imperfect  head,  left  lateral  aspect, 
two-thirds  nat  size. — Lower  Lias:  Lyme  Regis  br.  branchioste^ 
rays;  c.o.  circumorbitals ;  d.  dentary;  ecpt.  ectopterygoid ;  gu.  giuar 
plate  ;  mx.  maxilla ;  pj".  prefrontal ;  ptnx.  premaxiUa ;  pt.f.  post- 
frontal  ;  pt.o.  postorbital ;  i.tnx.  supramaxilla ;  tel,  sclerotic ;  ipU 
splenial.     [Oxford  University  Museum.] 

Unless  otherwise  stated,  the  figures  are  of  the  natural  size. 

(The  description  of  OsteorachU  tnaeroeephaiuty  from  the  Lower  Lias,  Lyme  Regis 
— Fl.  VII.  Fig.  10 — will  appear  in  the  May  Number. — Edit.  Geol.  Mao.) 
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II. — The  Structubk  of  6laoier-Iob  and  its  b baring  upon 

Glaoier-Motion. 

By  R.  M.  Deblbt,  F.6.S.,  and  Geo&ob  Fletcher,  F.O.S. 

DURING  last  August  the  writers  made  a  short  stay  in  Switzer- 
land and  the  Savoy,  with  a  view  to  examine  the  structure  of 
the  ice  of  several  of  the  larger  glaciers.  For  this  purpose  a  rough 
polariscope  was  used.  It  was  so  designed  that  a  sheet  of  ioe  about 
two  inches  square,  made  very  thin  by  cutting  and  melting,  could  be 
])laced  between  the  polarizer  and  analyzer.  Notwitlistanding  that  the 
thin  slide  so  prepared,  and  held  between  glass  plates,  melted  away 
rather  rapidly,  we  succeeded  in  making  a  number  of  drawings  of 
sections  cut  from  the  ice  at  different  parts  of  the  glacier,  and  at 
various  angles  with  the  line  of  motion.     In  some  cases,  however, 

^  0.  0.  Costa,  Ittiol.  Foss.  Ital.  (1853),  p.  2.  Also  described  under  the  names 
of  MaerorhipiB  (A.  Wa^er,  Abb.  k.  bay.  Akad.  Wiss.  math.-pbys.  CI.  toI.  ix. 
1868,  p.  723),  and  AttakeopttM  (V.  Thiolli^,  Poiss.  Foss.  Bugey,  pt.  ii.  1873, 
p.  23). 
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where  tli^  etmotare  was  very  fine-grained,  the  samples  melted  avray 
hefore  thejr  oould  be  sketoh<>d. 

To  the  unaided  eye  saoh  slides  show  the  outlines  of  the  crystalline 
particles  very  imperfectly.  When  examined  through  the  poiarisoope, 
however,  the  whole  structure  is  distinctly  revealed. 

We  do  not  by  any  means  feel  that,  in  our  rather  rapid  survey,  we 
have  been  able  to  work  out  the  subject  with  the  care  it  demands,  or 
that  in  a  short  article  full  justice  can  be  done  to  those  who  have 
preceded  us.  For  a  full  discussion  see  "  The  Glacial  Nightmare," 
by  Sir  Henry  H.  Howorth,  vol.  ii.  p.  519.  Still,  as  the  information 
we  have  already  obtained  seems  to  throw  light  upon  the  character 
of  the  veined  structure,  and  to  lend  some  support  to  a  theory  of 
Olacier-Motion,  propounded  by  one  of  ns  in  1888,'  we  venture  to 
put  on  record  some  of  the  results  we  have  obtained. 

Until  quite  recently,  the  granular  nature  of  Glacier-Ice  has  not 
received  very  close  attention.  Hiigi,'  however,  in  1843,  remarked 
on  its  granular  structure,  and  Forbes,  in  a  particular  case,  says, 
"the  mass  was  granular,  and  without  structure  or  bands  of  any 
kind,"  without  veined  structure  we  presume  he  meant  Heim, 
McConnell,  Bertin,  Grad,  and  others  have,  however,  by  primarily 
regarding  a  glacier  as  a  crystalline  aggregate,  made  us  familiar  with 
the  "Glacier  grain."  In  a  recent  paper'  Messrs.  MoConiiell  and 
Kidd  say  :  ''  Glacier- Ice  is  a  sort  of  conglomerate  formed  of  glacier 
grains  (Gletscherkurner),  differing,  however,  from  a  conglomerate 
proper  in  that  there  is  no  matrix,  the  grains  fitting  each  other 
perfectly.  In  the  winter,  at  any  rate,  the  ice  on  the  sides  of  the 
glacier  caves  looks  quite  homogeneous.  But  when  a  piece  is  broken 
off  and  exposed  to  the  sun's  rays  the  different  grains  become  visible 
to  the  naked  eye,  being  separated  probably  by  thin  films  of  water. 
Though  the  optical  structure  of  each  grain  is  found  under  the 
poiarisoope  to  be  perfectly  uniform,  the  bounding  surfaces  ^^e 
utterly  irregular,  and  are  generally  curved.  The  optic  axes,  too, 
of  neighbouring  grains  seem  arranged  quite  at  random." 

Even  now,  however,  the  exact  details  of  the  process  by  which 
the  snow  is  converted  into  glacier  ice  have  not  been  traced.  Forel 
states  that  he  imitated  the  structure  by  alternately  moistening  and 
freezing  snow.  Unfortunately,  during  our  trip,  we  did  not  examine 
a  section  showing  the  passage  of  snow  into  compact  ice.  On  the 
slopes,  near  the  summit  of  Mont  Blanc,  after  a  very  windy,  cold, 
and  somewhat  snowy  day  and  night,  the  snow  was  granular,  each 
grain  being  about  the  size  of  a  mustard  seed,  a  result  no  doubt 
partly  brought  about  by  the  freezing  during  the  night  of  the  snow 
melted  during  the  day,  and  partly  by  the  condensation  in  the  pores 
of  the  snow  of  water- vapour.  At  the  end  of  the  Grand  Plateau, 
and  at  the  base  of  the  slope  up  which  the  way  to  the  summit  passes, 
is  a  trail  of  debris  formed  of  neve  ice  from  a  small  secondary  glacier 
well  above  the  snow-line.     The  fragments  of  this  ice  were  formed 

»  Phil.  Mag.  February,  1888. 
>  Die  Oletscher,  1843,  p.  10. 
*  Proceedings  of  the  Bojal  Society,  toI.  zUt.  p.  333. 


154    B.  Jf.  Deelei/  and  O.  Fletcher-^Structure  of  Otader^Ioe. 

of  the  nsaal  glacier  grains,  many  of  oonaiderable  aiase.  On  tiie 
average  they  were,  as  near  as  can  be  remembered,  as  large  as  peas 
or  even  beans.  Indeed,  in  many  instances  where  the  n6v^  was 
examined  the  ice  was  coarsely  granalar.  Regarded  from  a  distance 
the  neve  appears  to  be  very  finely  stratified,  layers  of  comparatively 
pure  blue  ice  alternating  with  white  ones.  On  close  examination 
this  stratified  appearance  is  seen  to  be  practically  wholly  due  to 
the  distribution  in  layers  of  coantless  imprisoned  air-Hubbles.  Each 
granule  of  ice,  it  must  be  remembered,  is  a  truly  crystalline,  if 
not  a  crystal,  particle.  As  MoConnell  and  Ridd  say,  "the  optical 
structure  of  each  grain  is  found  under  the  polariscope  to  be  perfectly 
nniforro/'  but  the  "  l)Ounding  surfaces  are  utterly  irregtilar  and  are 
generally  curved."  In  spite,  however,  of  this  irregularity  of  outline, 
and  random  arrangement  of  the  optic  axes,  the  line$  of  buibles 
traverse  the  mass  in  definite  layers.  Indeed,  it  is  clear  that  the 
granular  structure  of  the  n^ve  is  entirely  independent  of  the  dis- 
position of  the  air-bubbles.  After  a  fail  of  snow,  surface  melting 
leads  to  the  production  of  a  mass  of  more  or  less  spherical  granules 
of  ice,  the  interstices  between  which  are  occupied  by  air.  Further 
accumulations  of  snow  leads  to  pressure,  the  granules  are  com- 
pressed, and  much  of  the  air  may  be  expelled.  But  under  oertaui 
conditions  of  weather  a  surface  layer  of  snow  may  be  melted',  and, 
freezing  again,  may  form  an  impervious  layer,  and  the  adjacent  air- 
bubbles  be  unable  to  escape,  even  under  the  pressure  resulting  from 
further  falls  of  snow.  Thus  we  have  bands  of  air-bubbles  parallel 
with  the  surface  and  alternating  with  strata  of  blue  ice  which  are 
comparatively  free  from  air.  Meteorological  conditions  will,  there- 
fore, have  a  great  influence  upon  the  volume  of  air  imprisoned.  In 
the  Grindelwald  we  found  the  ice  remarkably  pure  and  blue  as 
compared  with  the  ice  coming  down  from  the  Mont  Blnnc  range. 

<  One  would  suppose  that  any  internal  molecular  rearrangement 
would  lead  to  the  displacement  of  the  air-bubbles,  but  this  is  not 
the  case.  The  small  granular  particles  of  ice  referred  to  undergo 
a  rapid  metamorphosis.  They  grow,  some  of  them  increasing  in 
size  at  the  expense  of  others,  until  they  may  exceed  one  or  two 
inches  in  diameter,  and  would  probably  increase  indefinitely  but  for 
the  stresses  existing  in  the  glacier  which  cause  their  fracture.  The 
mode  of  growth,  and  also  the  effects  of  fracturing,  are  discussed 
later.  It  is  remarkable  that  these  changes  in  the  shape  and  size 
of  the  ice-grains  do  not  appear  to  affect  the  arrangement  of  the  air- 
bubbles,  the  layers  of  which  are  extremely  regular,  the  transference 
of  water  in  a  molecular  condition  from  grain  to  grain  failing  to 
affect  the  position,  in  space,  of  the  air-bubbles,  which  are  seen  to 
traverse  the  crystalline  grains. 

It  is  to  Hagenbach  that  we  owe  the  suggestion  that  the  large 
crystals  slowly  absorb  the  smaller  ones.  Forel  had  suggested  that 
the  crystals  all  grow  in  size  by  infiltration  and  freezing.  Thiis 
view,  however,  has  been  shown  to  be  untenable.  Against  Hagen- 
bach's  theory  it  has  been  urged  that  the  glacier  grains  in  any  given 
district  are  virtually  of  the  same  size,  whereaa  Uie  theory  requires 
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that  there  shoald  be  large  and  small  ones.  In  the  glacier  proper 
this  alleged  equality  of  size  between  the  varioas  crystal  grains 
certainly  does  not  exist,  as  will  be  seen  from  the  sections  we  give, 
nor  does  it,  as  fieir  as  oar  memory  serves,  in  the  nev^.  Crystals 
1^  inches  long  are  frequently  to  be  seen  side  by  side  with  very 
small  ones. 

During  this  growth  of  the  ice-grains  dilatation  does  not,  of  course, 
take  place,  neither  is  there  a  true  absorption  or  liberation  of  heat, 
for  evaporation  and  solidification  go  on  at  the  same  rate.  Although 
it  is  not  quite  clear  why  some  of  the  grains  should  increase  in  size 
and  others  disappear,  the  transference  of  the  molecules  from  crystal 
to  crystal  offers  no  difiSculty,  for  when  exposed  to  dry  air  ice 
evaporates,  surface  molecules  detaching  themselves  from  the  mass, 
and  even  in  air  saturated  with  moisture  particles  doubtless  get  free, 
and  this  is  perhaps  more  nearly  the  condition  obtaining  between  the 
grains.  When  the  water  vapour  has  reached  its  maximum  density, 
as  Maxwell  says,  "  according  to  the  molecular  theory  .  •  •  evapora- 
tion is  still  going  on  as  fast  as  ever;  only  condensation  is  also 
going  on  at  an  equal  rate."^  In  the  interior  of  a  glacier  the  surface 
molecules  of  the  grains  are  probably  more  unstable  than  they  are 
on  surfaces  exposed  to  the  atmosphere,  but  instead  of  the  molecules 
obtaining  their  freedom,  they  simply  pass  from  granule  to  granule. 
However,  explain  the  fact  as  we  may,  such  a  growth  of  the  granules 
does  take  place,  and  it  is  clear  that  it  must  take  place  at  the  expense 
of  the  smaller  individuals. 

It  is  only  under  certain  meteorological  conditions  that  the  granular 
structure  can  be  made  out  without  tlie  use  of  the  polariscope.  How- 
ever, on  several  occasions,  when  it  was  looked  for,  it  was  seen 
developed  in  perfection.  The  most  favourable  circumstances  seem  to 
be  a  dry  atmosphere  a  little  below  the  freezing  ])oint.  Under  such 
conditions,  on  looking  obliquely  at  an  ice  surface,  shaded  from 
the  sun,  the  outline  of  each  crystal  grain  can  be  clearly  seen. 
Occasionally,  the  surface  of  a  grain  will  be  quite  smooth  ;  the  majority 
are,  however,  seamed  with  exceedingly  small  furrows,  which  give 
the  surface  much  the  appearance  of  watered  silk,  or  the  skin  on  the 
palm  of  the  hand.  On  each  crystal  the  direction  of  the  lines  is 
different.  In  the  ice-caves  at  the  foot  of  the  glaciers  the  structure 
i8  at  times  very  beautifully  shown.  Figure  1  shows  the  nature 
of  this  surface  structure,  and  the  arrangement  of  the  grains.  It 
was  sketched  in  the  ice-cave  of  the  Rhone  Glacier.  The  conditions 
did  not  allow  us  to  determine  the  relation  between  these  stria)  and 
the  directions  of  the  optic  axes  on  the  glacier.  The  matter  is  now 
receiving  our  atteution.  The  striee  are,  doubtless,  analogous  to  those 
often  seen  on  the  surfaces  of  other  crystals,  and  are  due  in  all 
probability  to  the  alternation  of  two  faces  of  crystallization. 

When  n^ve  reaches  lower  levels  and  becomes  a  portion  of  the 
glacier  proper,  quite  a  new  structure  begins  to  show  itself.  This 
ia  the  well-known  ribboned  or  veined  structure.  In  some  cases  this 
btructure  develops  roughly  parallel  with  the   stratification  of  the 

1  **  Theory  of  Heat,''  seTenth  edition,  p.  3*24. 
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neyi,  in  Olhors,  even  at  light  angles  to  it.  Forbes,  in  his  oocasionsl 
papers  nn  the  theory  of  glaoiera,  gives  admirable  desoriptiona  of  tbs 
disposition  and  ooarser  features  of  the  veined  struotar«,  but  his 
treittm«nt  of  its  minuter  struotnre  is  hj  no  means  clear  or  eatis> 
faotary.  Our  first  aoquaintanoe  with  it  was  in  the  Bondhus  Glacier 
which  descends  from  the  Folgefond  in  Norway,     Hero  we  found 


Fio.  1.  (Seals  j)  Striated  loe  ciTstali  id  Oxe  ica  cbtb  of  tbe  EMne  Olicier. 


that  tbe  veining  resulted  pnrtly  from  Itie  arrangetDent  of  the  crystal 
grains,  partly  from  a  Tanatiiin  of  the  tihape  of  the  graitia.  and 
partly  from  variations  in  then  dimensions  Farther  ncquaintanoe 
with  tbe  phenomenon  served  to  convince  iia  of  Ihe  truth  of  this. 
In  the  artilioial  cave  cut  in  tbe  foot  of  the  Obeigrindelwald  Glicier, 
tbe  voiuing,  or  tbe  structure  which  on  weathering,  produces  veining, 


is  beautifully  bIiowh,  At  the  end  of  the  cave  is  a  pillar  of  ioe 
in  situ,  behind  which  is  placed  a  light  to  enable  the  struotnra 
to  be  seen.  Figure  2  is  a  sketch  of  a  portion  of  the  ice  of  this 
pillar.  Figure  3,  showing  a  slice  from  the  ioe-cave  of  the  Hh6ne 
Glaoier,  also  exhibits  the  stracture.     It  will  be  seen  that  most  of 
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the  grains  have  a  greater  horizontal  than  vertical  extension  and 
tbat  they  are  roughly  arranged  in  layers  with  approximately 
horizontal  §hear  ptanei.  These  shear  planes  are  sometimes  very 
•harp  bnt  by  no  means  always  so.  In  some  cases  it  can  only  be 
said  that  the  bounding  surfaces  are  more  regular  in  one  particular 
plane  than  they  are  in  others. 

In  many  cases  where  the  shear  planes  are  best  marked  the  grains 
aie  smallest  Indeed,  we  have  layers  an  inch  or  more  thick,  in 
which  the  crystals  are  large  as  in  Figure  6,  and  the  bounding 
surfaces  utterly  irregular.  Between  them  are  layers  composed 
of  smaller  crystals  with  more  or  less  clearly  defined  shear  planes. 


3 


Fio.  3.  {{)  Section  of  ice  in  ice-cave  of  Rhone  Glacier.     The  section  is  vertical 

and  parallel  with  direction  of  motion. 
Fio.  4.  H)  Horizontal  slice.     Ice-cave,  Obergrindelwald  Glacier. 

Here  the  grains  have  been  broken  by  excessive  strains.  Figures 
4  and  5  show  slices  cut  from  the  Obergrindelwald  Glacier.  In 
both  cases  the  sections  were  cut  nearly  horizontally,  parallel  with 
the  veined  structure.  Vertically,  the  grains  being  flattened,  were 
so  small  in  these  particular  samples,  that  the  ice  melted  away  before 
a  sketch  showing  its  structure  could  be  made. 

Figure  6  is  a  sample  from  the  Eismeer  of  the  same  glacier.  Here 
the  grains  were  all  large,  the  veined  structure  being  almost  absent. 
Figure  7  is  a  vertical  section  from  the  Mer  de  Qlace.  It  shows  very 
clearly  how  greatly  even  adjacent  crystals  vary  in  size.  Although 
we  have  remarked  that  the  descriptions  of  the  structure  given  by 
Forbes  are  unsatisfactory,  it  is  only  fair  to  point  out  that  his  theory, 
or  perhaps  his  final  theory  (suggested  by  the  writings  of  others  as 
well  as  his  own  observations),  seems  to  be  sound.  He  says :  *  **  The 
fundamental  idea  is  this,  tbat  the  veined  or  ribboned  structure  of 
the  ice  is  the  resnlt  of  internal  iorces,  by  which  one  portion  of  ice 
is  dragged  past  another  in  a  manner  so  gradual  as  not  necessarily  to 

.  .   .  I.  "  Th«  Theory  of  Glaciers,"  p.  255.      - 
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produce  larga  fiuam  in  the  ioe,  and  the  oonseqiieiit  sliding  a 
detached  part  over  another,  bat  rather  the  eflFeot  of  a  ;«N«ra{  1 
over  a  oautiderable  space  of  the  yietding  body.    Aooording  tc 


Fia.  G.  (t)  Harizonta]  ■ectioD-    Ober^rmdelwald 


view,  the  delicate  Tcins  seen  in  the  glacier,  often  lees  than  a  q 
of  Hn  inch  wide,  have  their  oourae  parallel  to  the  direction  c 
sliding  effort  of  one  portion  of  the  ioe  over  another."    Thai 


Fio.   S.   (i)   Horiiontal  elice  from  EUmeer  of  Uatergrindelireld  Glacis 
beneatli  medial  moraina.     Here  the  ice  vns  ctenr  blue.    No  Teiiiiiig  seen. 
Fio.  T-  (1)  Vertical  aection  from  Mer  ds  Glace  Qlader. 

few  words,  the  veining  is  due  to  the  formation  of  a  series  of  i 
tinuous  thear  planet.  Un fortunately,  in  his  earl;  letters  Forb 
led  to  say  thst  the  well-known   "  dirt-bands  "    .  .  .  .  "  are  a 
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mora  tlun  Tuible  tnoM  of  Uie  dinotion  of  the  {nternal  ioy 
itmatura."*  l^ndall,  bowaver,  baa  abown  th&t  the  dirt-b&ndB  are 
not  "exieitial  endsDoe  of  their  Btnitdare." 

Oppoaile  the  Hotel  dn  HonlanTert  the  dirt^banda  and  the  veined 
itrootare  are  almost  parallel  over  the  whole  width  of  the  glaoier. 
Higher  opt  howerer,  tb^  oeaso  to  be  ooiigraetiL  In  all  caaes,  aa 
far  ■•  our  experienoe  goea,  the  direction  of  the  Teined  atruoture, 
ntber  than  being  at  right  anglea  to  the  direotion  of  greeteat 
preoanre,  waa  anoh  aa  woald  be  produoed  by  the  thear  the  glaoier 
nodergoea  in  obanging  ita  ahape,  or  rather  the  relative  poaition  of 
ita  parta  dnriog  ita  deeoeiiL    The  out  (Fig.  8),  after  Forbm,'  showa 


Fia.  8.  (After  J.  D.  Porl>«8.) 

fairly  well  the  direction  in  which  the  veined  straoture  mna.  Perhnpa 
at  the  hottom  of  the  ioe  the  veina  should  have  been  ahown  more 
parallel  with  the  sidea.  Tlie  veins  run  up  to  the  aiirface  in  the 
middle  owing  to  the  fact  that  below  the  anuw-line  the  anrface  of 
the  glacier,  which  is  rapidly  melting,  exposea  the  edges  of  the  ahear 
planea.  Presaure  alone  could  bardly  give  rise  to  lamination  or 
oleavnge.  When,  however,  the  presaure  producea  a  re-arrangement 
of  particlea,  or  a  change  of  ahape,  shear  takes  place  and  lamination 
leaulta. 

Tbe  laborious  observations  of  J.  D.  Forbes  and  others  have  tanght 
aa  how  a  glacier,  considered  as  a  whole,  moves.  It  is  quite  clear 
tbat  a  glacier,  aa  a  whole,  ia  viacoua.  Its  river-like  flow  ia  regular 
and  continuous,  and  owes  nothing,  or  nearly  nothing,  to  the 
fonnation  of  orevasaes.  And,  indeed,  a  Intnp  of  Glacier-Ice  does 
eihibit  marked  viscosity.  A  continuously-applied  presaure  produces 
permaneut  deformation,  and  it  would  appear  that  nnder  any  stress, 
I  "  Tha  Theory  of  Glacien,"  p.  Si. 
*  im.  p.  M7. 
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the  oonBtituent  particles  are  able  to  slide  over  each  other.  But  it  is' 
only  under  certain  circumstances  that  this  can  take  place.  While 
a  mass  of  Glacier-Ice  is  viscous  in  all  directions,  it  has  been  found 
that  a  single  crystal  of  ice  is  only  viscous  in  a  direction  at  right 
angles  to  the  optic  axis.^  A  single  crystal,  or  a  portion  of  a  crystal, 
will  yield  to  continuous  transverse  stress  applied  in  a  direction 
parallel  to  the  optic  axis,  but  will  not  yield  in  a  direction  at  right 
angles  to  the  axis — in  brief,  viscous  shear  may  take  place  in  one 

Elane  only.  Now,  if  all  the  crystalline  grains  constituting  a  glacier 
ad  their  optic  axes  arranged  parallel  with  the  direction  of  motion, 
or  if  there  were  a  large  majority  of  grains  so  arranged,  it  would  not 
be  difficult  to  account  for  the  mode  of  motion  of  a  glacier;  but 
there  is  not  any  such  relation  between  the  optical  structure  of  the 
glacier  graius  and  the  direction  of  motion.  If  we  imagine  shear 
to  take  place  in  any  single  grain,  the  motion  will  be  8toppe<l  by 
adjacent  crystals  exhibiting  rigidity  in  that  plane.  Indeed,  it  does 
not  appear  that  a  glacier  in  moving  can  make  any  use  of  the  fact 
that  ice-grains  are  viscous  in  one  plane,  for  the  direction  of  that 
plane  varies  in  almost  every  grain.  How,  then,  does  the  glacier 
move  ?    Why  does  it,  as  a  mass,  exhibit  viscosity  ? 

When  a  plastic  or  viscous  substance  undergoes  change  of  form 
without  change  of  bulk,  the  distortion  in  its  simplest  form  may  be 
regarded  as  due  to  the  formation  of  great  numbers  of  parallel  shear 
planes.  In  such  a  case  every  molecule  of  each  plane  must  change 
its  position  with  respect  to  every  other  layer  of  molecules.  On  the 
other  hand,  if  the  substance  be  built  up  of  a  number  of  rigid  grains 
of  all  shapes  and  sizes,  closely  fitting  and  adhering  to  each  other, 
the  nature  of  the  change  necessary  to  give  rise  to  distortion  is  much 
less  simple.  In  such  a  case  not  only  do  we  require  shearing 
between  the  interfaces  of  the  particles  but  also  a  change  of  shape 
of  the  particles  themselves.  And  this  must  go  on  in  ice  without 
producing  more  than  local  ruptures,  for  its  tenacity  and  shearability 
are  isufficiently  high  to  resist  general  fracture.  To  account  for 
Glacier- Motion,  therefore,  we  have  to  show  that  the  glacier  grains 
can  not  only  increase  in  size  but  also  change  their  shapes  under  the 
smallest  stresseF,  and  also  that  they  can,  under  similar  conditions, 
slide  over  each  other  without  actual  fractures  resulting. 

We  will  first  consider  the  question  of  change  of  shape  and  size, 
l^ig.  9  shows  an  ideal  case  of  a  number  of  particles  lying  between 
two  parallel  planes,  the  upper  of  which  is  moving  more  rapidly  than 
the  lower  one.  The  small  arrows  near  to  or  crossing  the  interfaces 
indicate  the  direction  in  which  shear  must  take  place,  and  also  show 
those  surfaces  which,  being  pressed  together,  must  be  wasting,  and 
those  surfaces  which,  being  in  tension,  must  be  growing.  Although 
we  shall  deal  with  the  case  as  though  each  crystal  had  rectilinear 
motion  only,  it  must  be  remembered  that  they  will  also  have  a 
tendency  to  roll  over  each  other  as  well.      This,  however,  rather 

1  <*  On  the  Plasticity  of  Glacier  and  other  Ice,"  by  James  C.  McConnell,  M.A., 
and  Dudley  A.  Kidd,  Proc.  Roy.  Soc.,  vol.  xliv.  No.  270.  Also  **0n  the  Plastici^ 
sl  an  Ice  Crystal,"  by  James  0.  McConnell,  M.A.,  ibid.  Yd.  xlix.  No.  299. 
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lednoes  than  adds  to  the  difficulty  of  the  pToUem,  as  does  also  the 
Tisoosity  of  ioe-giains  along  planes  at  right  angles  to  the  optio 
axis.  We  have  seen  that  a  very  large  namber  of  the  molecules  at 
the  interfaces  of  the  crystals  are  free  ;  that  is,  they  sometimes  form 
portions  of  one  crystalline  structure,  and  sometimes  of  another. 
Probably  within  a  few  minutes  all  the  surface  molecules  have  been 
free>  and  have,  therefore,  been  at  liberty  to  assume  positions  more  in 
accordance  with  the  conditions  of  stress  and  strain  in  the  mass.  For 
instance,  the  conditions  of  stress  will  be  different  for  each  of  the 
faces  separating  the  three  crystals,  2,  4,  and  5  of  Figure  9.    One  is 


Fio.  9. 

in  compression,  the  other  in  tension,  and  the  third  in  shear,  and 
consequently  the  structure  between  4  and  2  is  more  open  (being  in 
tension)  than  that  between  4  and  5,  the  adjacent  faces  of  whioh 
are  in  compression.  Under  such  circumstances,  it  is  reasonable  to 
suppose  that  there  would  be  a  migration  of  molecules  from  the 
opposed  faces  of  4  and  5  to  the  opposed  faces  of  4  and  2.  An 
exceedingly  slow  change  of  this  kind  would  be  sufficient  for  our 
purpose.  There  now  remain  the  faces,  such  as  those  between  2  and 
5,  to  consider.  In  these  the  case  is  one  of  simple  shear.  To  make 
it  clear  that  continuous  shear  can  take  place  along  such  a  surface 
without  fractures,  we  will  quote  from  the  paper  on  Glacier-Motion 
previously  referred  to.  This  illustration  is  a  general  one,  applying 
to  all  the  interfaces  :  "Take  a  plate  of  steel,  say  twenty-four  inches 
long,  three  inches  deep,  and  half-au-inch  thick.  Firmly  fix  one  end 
to  a  suitable  support  so  that  the  steel  plate  shall  form  a  girder  with 
its  greatest  depth  in  a  vertical  position.  Then  distribute  a  number 
of  weights  along  the  length  of  the  bar.  It  at  once  becomes 
deflected  ;  that  is,  shear,  elastic  shear^  is  produced."  ..."  We  will 
now  drill  a  row  of  holes  along  the  plate,  and  when  this  has  been 
dctne,  the  girder,  having  been  weakened,  will  be  found  to  have  taken 
a  still  greater  amount  of  set.  Still  further  increase  the  set  by 
drilling  several  rows  of  holes.     So  far,  all  the  operations  have  been 
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possible  ones ;  but  I  mast  now  draw  upon  the  imagination  some- 
what, and  perform  operations  which  cannot  be  carried  out  in 
practice.  Take  the  material  removed  from  the  numerous  perfora- 
tions in  the  plate,  and  replace  it  so  that  the  plate  becomes  whole 
again.  It  is  evident  that  though  again  solid,  only  that  metal  which 
formed  part  of  the  original  perforated  plate  is  in  a  state  of  strain, 
that  filling  the  holes  is  taking  no  share  of  the  load.  We  will  again 
drill  a  number  of  holes,  this  time  in  the  spaces  between  the  older 
perforations,  and  another  increase  will  take  place  in  the  deflection  of 
the  plate.  A  strain  will  also*be  put  upon  the  metal  in  the  first 
series  of  holes  bored ;  and,  in  addition,  a  greatly  increased  strain 
upon  what  remains  of  the  original  plate.  By  repeating  the  opera- 
tion the  girder  could  be  deformed  to  any  desired  extent,  and,  if 
necessary,  such  a  violent  strain  thrown  upon  any  one  point  that 
local  rupture  would  ensue."  ^  In  a  glacier,  each  interfacial  molecule 
which  obtains  its  freedom  is  regarded  as  having  melted,  and,  like 
the  material  drilled  from  the  plate,  ceases  to  be  a  support  to  the 
mass,  and  when  it  becomes  attached  again  (i,e,  freezes)  it  does  so 
under  quite  di£ferent  conditions,  and  may  not  take  any  portion  of 
the  stress  until  further  movement  has  occurred. 

Imagine  a  glacier  upon  whose  mass  gravity  has  previously  had 
no  e£fect  to  be  suddenly  put  within  the  sphere  of  the  earth's 
attraction.  It  would,  of  course,  immediately  undergo  a  change  of 
form,  for  ice  is  an  elastic  substance.  Strains  are  produced  in  it, 
each  proportional  to  the  corresponding  stress,  and  the  ice  takes 
a  small  step  in  the  direction  of  least  resistance.  But  although  it  is 
brittle  and  elastic,  and  much  more  cohesive  than  many  rocks  which 
enter  into  the  composition  of  stable  mountain  ranges,  the  fact  that 
the  proper  motion  of  its  molecules  at  or  near  the  freezing-point  is 
so  energetic  that  they  shake  themselves  free,  renders  the  mass 
viscous,'  and  it  slowly  flows,  even  under  the  influence  of  very 
minute  stresses. 

In  the  paper  on  Glacier-Motion  previously  referred  to,  no  reference 
was  made  to  the  structure  of  Glacier-Ice,  the  illustrations  being 
general  ones.  At  that  time  it  was  not  known  to  what  extent 
a  crystal  of  ice  was  viscous.  Any  attempt  to  go  into  detail  under 
such  circumstances  could  not  have  been  other  than  unsatisfactory. 
Neither  was  the  real  structure  of  Glacier-Ice  sufficiently  known. 
No  doubt  it  had  been  described  over  and  over  again,  but  so  many 
of  the  descriptions  are  imperfect,  and  the  contradictions  are  so 
palpable,  that  it  would  have  been  quite  impossible  to  decide 
between  the  various  authorities. 

By  making  polariscopic  examinations  of  thin  sections  of  ice  much 
may  be  done  not  only  to  throw  light  upon  the  cause  of  glacier 
motion,  but  also  upon  the  origin  of  such  buried  ice-masses  as  those 
met  with  in  Arctic  regions,  just  as  the  microscopic  examinations  of 
rock-sections  has  thrown  light  upon  the  history  of  many  rock- 
masses. 

»  "  Theory  of  Glacier- Motion,**  bv  R.  M.  Deeley,  F.G.S.,  Phil.  Mag.  Feb.  1888. 
*  For  definition  see  Maxwell's  **  theory  of  Heat,*'  7th  edition,  p.  276. 
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MxTAMORPHIftM. 

Bj  W.  MaTNABO  HUTCHtNOB,   F.G.S. 

(0$m€htM  Jr^m  th$  March  Numbir^  pag$  131.) 

THE  phenomena  to  be  observed  in  this  special  rock  seem  to  me 
to  strikingly  bear  ont  some  of  the  ideas  and  views  I  expressed 
in  my  former  paper,  when  I  assumed  "  that  under  such  conditions, 
solutions  of  mineral  constituents  would  be  formed  of  great  density, 
amonnting  to  something  like  an  '  aqueous  fusion '  of  the  substances 
involved,  and  that  these  solntions  could  solidify  to  amorphous  and 
more  or  less  indefinite  compounds,  or  would  be  capable,  under  some 
oonditions  of  cooling,  of  giving  rise  to  definite  minerals." 

Of  course,  it  is  very  largely  considered  that  contact-action  is  a 
hydrothermal  business, — that  it  is  due  to  heated  water  in  some  way. 
Bat  that  still  leaves  the  exact  mode  of  operation  of  the  processes 
very  vague,  so  that  it  is  desirable  to  follow  up  any  clue,  or  line 
of  observation  which  may  possibly  lead  to  more  definite  insight  into 
the  course  of  the  changes  involved.  It  is  for  this  reason  that  I  have 
thought  a  detailed  description  of  this  rock  might  be  of  interest. 

Much  that  was  only  surmise  or  inference  as  to  other  rocks,  may 
here  be  seen,  as  it  were,  in  action  before  our  eyes,  and  we  seem  able 
to  follow  the  whole  course  of  the  re-constitution  of  the  components 
of  this  shale.  Such  exceptionally  instnictive  examples  will  perhaps 
not  often  be  found,  involving  as  they  do  a  special  balance  of 
conditions. 

It  will  be  noted  in  the  analysis  that  the  water  is  over  7  per  cent. 
This  is  a  high  percentage  of  combined  water  if  comparad  with 
that  in  fnlly  developed  hard,  compact  slates,  and  with  that  in  their 
alteration-products.  But  we  are  here  dealing  with  what  were  once 
comparatively  soft  shales,  which  contained  more  water  originally. 
The  water  in  this  analysis  is  not  due  to  secondary  hydrous  infiltra- 
tions. In  the  large  specimens  used  for  analysis  care  was  taken 
to  ascertain,  by  microscopic  examination,  that  practically  no  such 
secondary  hydrous  minerals  were  present.  The  water  is  mainly 
contained  in  some  of  the  minerals  of  metamorphism,  and  in  the 
isotropic  base,  probably  largely  in  the  latter. 

A  considerable  number  of  determinations  of  water  have  been 
made  in  specimens  from  many  points  along  the  contact,  and  a  very 
uniform  amount  of  about  7  per  cent,  is  found  in  nearly  all  the 
altered  shales.  This  uniformity  is  striking  and  agrees  also  fairly 
well  with  the  normal  contents  of  water  of  shales  and  clays  such 
as  these  were  (see  for  instance  analyses  of  clays  in  my  former 
paper).  It  would  appear  that  the  water  contained  was  not  driven 
ofif,  and  was  all  utilis^  in  the  metamorphism. 

With  regard  to  contaot-metamorphism,  geologists  have  tended 
of  late  to  accept  the  view  that  it  is  due  only  to  ihermal  action,  to  the 
increase  of  temperature  caused  by  the  intrusion  of  an  igneous  mass. 
Indeed,  it  may  be  noted  tbaf  some  of  our  leading  \m\Ai%  ou  >i>[i^ 
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subject  use  the  term  **  thermo-metamorpliism  "  more  and  more,  and 
almost  abandon  the  name  of  **  coiitact-metamorphism."  This  may 
be  right,  and  most  of  us  have  more  and  more  assumed  that  it  is  so, 
perhaps  without  quite  stopping  to  consider  how  much  of  simple 
assumption  is  involved.  The  evidence  has  appeared  strong  against 
any  theory  that  something  passed  from  the  igneous  rook  into  the 
rocks  among  which  it  was  intruded,  something  besides  mere  heat, 
and  which  was  vitally  concerned  in  the  alterations  which  took 
place.  But  still  it  may  not  be  wise  to  regard  the  subject  as  l)eing 
disposed  of.  We  have  yet  so  many  things  to  understand,  and  so 
many  strange  facts  to  harmonise  and  explain,  that  it  will  be  well 
to  leave  this  an  open  question  for  some  time  to  come ;  and  for  the 
present  it  may  be  better  to  retain  the  use  of  the  term  "contact- 
metamorphism  "  and  not  commit  ourselves. 

Speaking  for  myself  personally,  I  may  say  that  continued  study 
of  this  fascinating  subject  has  made  me  much  more  doubtful  thnn 
I  was,  even  a  year  or  two  ago,  and  more  particularly  since  I  have 
had  my  attention  specially  fixed  on  the  contact-effects  of  banc  rocks. 
Some  of  the  points  to  be  considered  are  not  quite  easy  to  get  over, 
and  are  certainly  not  by  any  means  settled. 

That  fused  material,  actual  igneous  magma,  passes  over  into  and 
is  incorporated  with  the  invaded  rocks  to  any  extent,  is  probably  an 
idea  safely  to  be  rejected,  and  is  indeed  probably  held  by  very  few 
geologists.  We  may  have  areas  of  considerable  and  intricate 
permeation,  as  for  instance  described  by  Mr.  Barrow  in  the  South- 
Eastern  Highlands  (see  Quart.  Journ.  Geol.  Soc.,  vol.  xlix.  p.  331). 
This,  however,  is  a  different  matter  and  easily  distinguished. 

But  take  the  case  of  the  intrusion  of  a  granite  into  a  mass 
of  slates.  We  know  there  was  water  in  the  slates,  and  we  assume 
that  to  the  action  of  this  water  are  largely  due  the  changes  which 
are  worked  in  the  rocks  under  the  influence  of  the  heat  of  the 
intrusion.  We  must  admit  a  certain,  and  indeed  considerable,  amount 
of  freedom  of  movement  of  this  heated  water,  and  of  the  solutions 
to  which  it  gives  rise,  within  the  invaded  rocks.  But  we  know  also 
that  the  granite  was  charged  with  considerable  water,  or  more 
properly  with  solutions,  when  it  was  intruded,  and  it  does  not 
appear  that  we  have  any  reason  to  suppose  that  at  the  junction 
of  the  two  rocks  there  shall  have  existed  a  barrier  such  that  none 
of  these  solutions  could  pass.  It  is  more  reasonable  to  suppose  that 
at  the  junction,  and  for  some  considerable  distance  beyond  it,  the 
temperature  of  the  invaded  rock,  already  more  or  less  high  owing 
to  the  depth  of  cover,  will  soon  be  raised  to  something  not  too 
far  from  that  of  the  margin  of  the  granite,  and  that  solutions  will  be 
able  to  pass  for  a  time  freely.  It  not  only  seems  natural  that  this 
should  be  so ;  it  seems  almost  impossible  to  assume  anything  else 
under  the  conditions  we  are  bound  to  suppose. 

Now,  as  regards  granite-intrusions,  the  chemical  evidence  is 
usually  held  to  show  that  no  transfer  takes  place.  But  if  we  look 
at  this  evidence  we  shall  see  that  it  is  not,  perhaps,  so  strong  as  we 
have  supposed.     It  mostly  bears  on  the  alteration  of  slates  or  allied 
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rooks.  In  a  Tery  large  proportion  of  these  the  alkalies,  in  their 
qnantitj  in  the  rock  and  in  their  relative  proportionn  to  each  other, 
are  not  bo  very  far  removed  from  what  obtains  in  an  average  granite, 
and  in  some  oases  the  resemblance  is  even  striking.  If,  therefore, 
a  transfer  of  alkalies  took  place  from  the  granite,  a  moderate  amount 
of  such  transfer  would  not  bring  about  any  change  in  the  chemical 
oonstitntion  of  the  slates  sufficiently  striking  to  serve  as  proof, 
esfiecially  in  view  of  the  variations  in  the  slates  themselves,  which 
have  to  be  allowed  for  in  making  such  comparative  analyses  over 
certain  distanoes.  We  know  that  the  alkalies  of  the  granite  are  just 
what  woold  chiefly  be  transferred  if  a  solution  passed  from  it  into 
the  slates ;  there  is  ample  evidence  to  show  that  alkalies  were  in 
solution  in  the  liquids  of  the  granites.  Therefore,  from  the  above 
considerations  we  do  not  appear  to  have  conclusive  evidence,  from 
analyses,  that  such  transfer  of  solutions  did  not  take  place. 

On  the  other  hand,  when  we  come  to  consider  the  rocks  affected 
by  contaot  with  banc  intnisions,  we  get  in  many  cases  very  forcible 
cfiemical  evidence  that  such  transfer  did  take  place.  We  are  here 
again  considering  slates  and  allied  rocks,  in  which  the  quantity  and 
relationship  of  the  alkalies  are  the  same  as  before.  But  in  the 
rocks  from  which  the  transfer  is  supposed  to  have  taken  place 
the  alkalies  are  in  trttaily  different  proportiona.  Here  we  have  soda 
as  the  leading  alkali,  and  whereas  even  a  considerable  transfer  from 
a  granite  to  a  slate  would  not  make  a  notable  difference,  such  a 
transfer  from  a  dolerite  would  often  strikingly  upset  the  balance 
of  the  alkalies  in  the  slates  and  become  apparent  in  the  analyses. 

Hence  it  may  perhaps  be  the  case,  not,  as  is  often  assumed  and 
stated,  that  material  is  not  transferred  from  a  granite  but  is  trans- 
ferred from  a  basic  rock ;  but  that  it  is  really  transferred  in  both 
cases,  being  only  rendered  so  strongly  apparent  in  the  case  of  basic 
rocks  for  the  reasons  I  have  suggested. 

Nor  can  we  well  imagine  any  reason  which  should  explain  why 
a  transfer  should  be  able  to  take  place  from  a  dolerite  and  not 
from  a  granite. 

If  at  the  time  of  contact  a  certain  amount  of  alkaline  solution 
passed  into  the  slates,  even  though  it  were  not  large,  it  might  cause 
most  important  effects.  It  might  at  least  start  the  whole  process 
of  transformation,  and  it  may  well  be  conceived  as  possible  that 
without  some  such  start  any  mere  thermal  action  would  not  much 
affect  the  mineral  constitution  of  the  invaded  rocks.  The  mere 
water  in  them  might  not  be  able,  by  itself,  to  effect  the  necessary 
solutions,  or  only  to  a  limited  extent,  and  with  extreme  slowness: 
but  once  started  by  the  injection  of  powerfully  active  solutions  at 
the  junction  of  the  rocks,  the  contained  water  could  join  in  and 
carry  on  the  work.  Instances  might  be  cited  from  experimental 
and  industrial  work,  where  analogous  influence  is  exerted  by  smnll 
quantities  of  some  re-agent  or  compound  in  thus  setting  processes 
going.  At  any  rate  there  seem  to  be  sufficient  grounds  for  not 
deciding  that  contact-action  is  purely  thermal,  and  we  may  yet  find 
good  reasons  for  retaining  more  or  less  belief  in  the  '*  miuer&Uzia^ 
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agents "  which  have  been  so  muoh  written  abont,  though  their 
nature  was  left  wore  or  less  vague  and  mysterious.' 

The  question,  indeed,  may  be  asked  as  to  why,  if  nothing  but 
thermal  effects  are  concerned,  we  do  not  get  rocks  which  have 
undergone  changes  similar  to  those  with  which  we  are  familiar  as 
'*  contact-action,"  but  under  the  influence  of  depth-temperature  alone? 
We  are  acquainted  with  rocks  of  immense  age,  and  which  have  been 
covered  up  to  enormous  depths,  corresponding  to  very  high  tempera- 
tures, but  which  do  not  show  any  of  the  special  characteristics  of 
oontact-metamorphism ; — not  one  of  the  particular  minerals  whiuh 
we  have  learned  to  associate  with  it;  not  even  a  traoe  of  brown 
mica,  which  we  know  is  formed  easily  even  at  the  comparatively 
outer  portions  of  contact-areas.  And  this  is  true  of  rocks  such  as 
chloritic  phyllites,  which  are  specially  sensitive  in  Uiis  respect. 

There  are  not  wanting  good  reasons  for  thinking  that  there  may 
he  an  abrupt  line  of  separation  between  the  effects  of  ''contact- 
action  '*  and  any  other  process  with  which  we  are  acquainted,*  and 
that  a  list  of  minerals,  for  instance,  could  be  stated,  whose  develop- 
ment in  sedimentary  rocks,  so  far  as  our  knowledge  goes,  takes 
place  only  as  an  effect  of  contact-action. 

If  that  should  be  so,  we  should  not  be  justified  in  speaking  of 
this  action  as  simply  thermal,  unless  we  can  find  evidence  tliat 
elevation  of  temperature  alone  has  ever  produced,  or  can  produce, 
these  minerals. 

Hound  every  mass  of  intruded  igneous  rock  which  we  are  able  to 
study,  we  find  certain  definite  results  produced, — physical  changes 
effected,  and  new  minerals  developed.  We  find  the  same  things 
over  and  over  again,  and  learn  to  look  upon  them  as  quite  assured 
characteristics  of  the  rocks  round  such  intrusions. 

if  we  meet  with  the  same  characteristic  minerals  in  all  respects, 
but  where  no  intrusion  of  igneous  rock  can  be  discovered,  we  are  not 

1  Of  course,  it  does  not  follow  that  nothing  but  alkalies  would  be  transferred, 
though  alkaline  compounds,  mainly  silicates,  would  be  far  away  the  principal 
material.  We  may  well  suppose  that  other  matters  would  also  be  present,  and  that 
amonjf  them  would  be  small  proportions  of  fluorine-compounds,  which  have  long 
been  known  to  exercise  such  a  very  powerful  influence  in  synthetic  experiments  on 
the  formation  of  minerals,  and  whicn  may,  as  has,  indeed,  been  frequently  supposed 
and  stated  about  them,  exercise  a  similar  power  in  starting  and  maintaining  the 
metamorphic  processes  in  the  rocks. 

-  If  this  be  so,  and  a  rock  cannot  be  metamorphosed  simply  by  heat  and  the  action 
of  it>^  uwn  confined  water,  we  cannot  look  for  any  success  in  experiments  on  samples 
of  rock  heated  in  platinum,  or  other  sealed  metallic  containers,  to  retain  the  water. 
Thi^  may  be  the  reason  why  so  little  is  recorded  in  this  direction,  and  even  a  portion 
of  what  is  recorded  is  not  satisfactory  evidence.  There  may  have  been  many  failures 
not  reconied  at  all,  though  it  is  almost  as  valuable,  in  msny  cases,  to  record  failures 
as  successes.  I  will  set  the  example  of  recording  failures  by  stating  that  recently 
I  have  heated  a  fire-clay,  rich  in  alkali,  in  a  moist  condition,  to  a  low  red  heat  for 
one  month  in  a  wrought-iron  bomb.  AH  the  water  was  retained  perfectly,  but  the 
clay  was  not  affected  in  any  way,  except  that  its  combined  water  was  1  per  cent,  lesa 
aftf  r  the  experiment,  showing  tnat  some  of  its  hydrous  minerals  had  been  dehydrated 
by  the  red  heat.  This  clay  would  have  been  very  susceptible  to  metamorphis'm  if  it 
had  been  invaded  by  a  granite  or  a  diabase.  Subsequent  experiments  at  a  strong 
red  heat  failed  entirely,  as  my  bombs  gave  way  under  the  pressure  of  the  oontainea 
water- vapour,  the  iron  getting  too  soft  at  the  nigher  temperature. 
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taking  a  very  risky  step'  if  we  look  upon  it  as  probable  that  there  is 
an  intrueion  to  aooonnt  for  what  we  see,  but  that  it  ia  hidden  from 
na  An  exposure  of  plutonic  rock  ia  only  an  accident  of  denudation 
after  all.  It  seems  a  more  riaky  atep  for  na  to  aasume  that  because 
we  do  not  here  see  the  intruded  rock,  we  can  ascribe  all  the  well- 
known  characteristics  to  some  other  cause,  or  cTen  to  no  definite 
cause  at  all.  Dynamic  metamorphiam,  for  inatance,  has  probably  in 
some  cases  obtained  the  credit  for  many  things  which  possibly  may 
yet  be  shown  not  to  beUmg  to  it  at  all,  simply  because  dynamic 
sotion  has  taken  place  in  regions  in  which  great  contact-action  has 
also  occurred,  though  the  proof  of  the  igneoua  intruaions  ia  hidden, 
while  the  dynamic  evidence  ia  clear.  Some  important  recent  work 
haa  been  in  the  direction  of  thua  proving  certain  diatricta  to  be 
ooDtact-areas,  in  which  the  obaerved  phenomena  of  the  rocks  had 
been  attributed  to  other  cauaee. 

Great  dynamic  action  and  igneoua  intruaiona  are  apt  to  go 
together,  as  we  know ;  but  whereas  we  find  certain  minerals  in  all 
ooDtaot-areas,  we  know  of  plenty  of  areas  of  intense  dynamic  action, 
where  they  do  not  occur ;  not  any  trace  of  any  of  them. 

Great  aa  are  the  demonatrable  effecta  of  dynamic  metamorphiam  in 
altering  atructures,  in  developing  certain  new  minerals,  and  in 
regenerating  othera  which  are  in  a  decayed  condition,  there  are  yet 
many  minerals  which  we  may  decline  to  accept  aa  proved  to  be 
within  its  powers  to  produce,  even  when  we  aee  them  in  regions  of 
intense  dynamic  action.  A  great  aim  of  future  petrologioal  atudy 
will  be  the  endeavour  to  establish  something  reliable  on  these  points. 

It  may  be,  and  there  would  be  reasona  to  be  advanced  for  the 
helief,  that  dynamic  action  ever  so  intenae  can  only,  so  far  aa  the 
production  of  new  minerala  in  a  rook  ia  concerned,  do  the  same 
things,  on  a  much  intensified  scale  and  in  less  time,  as  can  be  done 
by  simple  "  metasomatio"  action.  White  mica,  for  instance,  is 
uuquestiouably  in  the  power  of  dynamic  action  to  develop  on  a  great 
icale  in  felnpar- bearing  rooks.  But  white  mica  is  also  produced 
copiously  during  the  simple  decay  of  felspar.  Garnet,  again,  may 
bt)  cited  as  a  mineral  produced  by  dynamic  action  and  also,  if  not  so 
strikingly,  by  decay  of  other  minerals ;  and  additional  cases  might 
also  be  adduced.  Some  of  them,  like  the  two  above,  are  alao  well- 
known  contact  minerala,  and  so  are  common  to  all  thrae  cauaes. 

But  andalusite,  sillimanite,  and  cyanite,  for  instance,  may  be  here 
named  as  among  the  list  above  suggested  as  not  yet  proved  to  be 
capable  of  formation  in  sediinentaries  except  by  contact-action. 
We  may  even  still  pause,  and  ask  for  proof  that  dynamic  or  regional 
metamorphism  can  produce  brown  mica,  that  most  constant  and 
copious  accompaniment  of  contact-action ;  and  the  same  position  of 
enquiry  may  also  be  taken  as  regards  new  felspar,  that  is,  felspar 
produced  in  rocks  in  which  it  did  not  exist  before  the  meta- 
morphism, as  in  many  slates  and  phyllites,  and  as  distinguished 
from  cases  where  decayed  existing  felspars  are  regenerated  and 
re-crystal lizod,  as  in  the  metamorphism  of  much-weathered  igneous 
rocks  and  their  tuffs  and  ashes,  or  from  oases  in  which  new  felspar 
is  simpljF  an  inSHmtioa'producL 
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In  addiUon  to  the  particular  mneral*.  it  ia  not  nnlikel;  tha 
of  the  "  apolB  "  so  freqD«nt  in  alt«re(]  alales,  eto.,  may  be  phen 
which  are  apecial  to  oontaot-aotion,  and  not  prodnoed  in  an; 
way,  even  when  we  are  not  able  to  traoe  them  direelly  to  intr 

Zirkel,  in  his  recently  completed  Petrographie  (voj.  iii.  181 
dealing  with  the  mica-Bchiata,  phyllitea,  etc.,  alludes  at  several 
to  the  fact  that  spotted  rocka  occur  among  them,  where  wi 
CO  direct  evidence  of  contact-action.  In  commenting  on  thia, 
place,  he  speaka  oautioualy  aa  to  there  being  no  "  recogi 
connection  with  eruptive  rocka" ;  at  another  place  be  speeki 
dogmatically  as  to  the  spotted  schists  being  in  no  way  i 
con  tact- action.  Aa  we  know  that  spots  are  produced  at  conaic 
distances  from  the  actual  contacts,  and  as,  apparently,  chartiol 
rocks  of  this  nature  have  not  been  shown  to  be  produced  i 
way  except  by  intruaiona,  it  ia  aurely  not  aafe  to  adopt  any  d 
view,  baaed  aimply  on  the  absence  of  vimbU  igneons  rocks. 

One  of  the  moat  intereating  occurrences  of  apota  known  to 
in  Home  of  the  rocks  of  Ihe  Ardennes,  which  are  not,  I 
regarded  aa  con  tact- rocka,  but  which  are  always,  on  the  ooi 
described  aa  atandard  exam  plea  of  "regional  "  action.  Theai 
do  not  aeem  to  have  been  notioed  by  Kenard  and  othera  in 
examinations  of  these  rocks. 

I  have  a  specimen  of  the  well-known  "coticule"  of  Viole 
with  part  of  the  contiguous  band  of  dark  alnte  attached  to 
which  I  am  indebted  to  Prof.  Benard.  The  ootioule  ia 
yeUowiah  in  colour.  Very  thin  sections  show  it  to  be  ma 
mainly  of  white  mica,  mostly  lying  flat  in  the  plane  of  be 
wilh  the  abundant  manganese-gam  eta  and  rutilea  diaserainate 
evenly  all  through  it.  There  ia  a  little  quartz;  and  a  total  a 
in  the  elides  of  any  darker  minerals  or  pigment.  Viewed  in  or 
light,  the  whole  field  is  quite  uniforni,  but  in  polarized  light 
numbers  of  dark  spots  appear.  They  are  seen  to  be  frnmed  n 
leas  strongly  in  rims  of  extra-accumulated  white  mica,  just  a 
are  often  framed  in  dark  mica  and  ao  rendered  conspiou 
ordinary  light.  These  rims  of  oolonrless  mica  do  nnt  show 
in  ordinary  light,  and  one  ia  unable  in  any  way  to  mnke  theat 
stand  out  from  their  surroundings,  by  adjustment  of  illnmina 
otherwise,  the  garnets  and  ruliles  being  present  in  them 
same  amount  and  uniformity  of  dissemination  aa  in  the  1 
the  rook.  With  crossed  nicols  they  are  seen  to  be  isotropi 
to  contain,  in  addition  to  the  garnet  and  rutiJe,  large  nural 
dimly- polarizing,  very  minule  grains  and  flakelets  which  can 
determined.  The  average  diameter  of  these  spots  ia  about  ^i 
and  sectiona  out  parallel  and  vertical  to  bedding  show  tha 
are  approximately  equal  in  all  direotions,  a  large  proportion 
spherical  or  oval.  The  study  of  sections  in  various  directior 
disposes  of  any  idea  that  there  is  here  any  compenialion  in  qui 
the  main  material,  the  gronndmass,  of  these  spots  is  really  iai 
and  oolourleaa.  There  are  so  many  of  them  that  in  a  i 
meaaoring  i  inch  by  iV  inoh,  over  one  hundred  caa  be  oo 
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It  18  highly  Btriktng  and  onrious  to  yiew  with  a  low  power  the 
uniform  oolonrlees  fields  and  then  to  posh  in  the  analyser  and  see 
these  perfectly  dark  spots  appear  all  over  the  slide. 

The  darker  band  of  slate,  out  in  the  same  seotions,  is  also  mainly 
white  mica  and  oontains  large  amounts  of  the  garnets,  but  also  much 
iron  ore  in  dark  grains,  and  abundant  minute  flakes  of  transparent 
red  hematite.  There  are  here,  also,  spots  of  the  same  size  and  form, 
in  the  same  number  and  diffusion,  but  they  are  marked  off  in 
ordinary  light  quite  strongly,  because  they  contain  accumulations  of 
small  grains  of  red  iron  ore.  In  polarized  light  they  are  still  more 
strongly  marked,  as  in  addition  to  the  colour  of  the  ore  they  have 
the  darkness  due  to  isotropic  matter. 

If  one  had  these  rocks  shown  to  one,  not  knowing  anything  of 
their  origin,  one  would  be  almost  certain  to  refer  them  to  contact- 
sotion. 

No  doubt  depth-temperature  may  be  of  the  greatest  importance  in 
influencing  the  degree  to  which  rocks  will  be  affected  by  contact- 
sotion.  A  deeply-bedded  rock  with  a  high  temperature  may  be 
nstnrally  expected  to  be  more  easily  and  more  intensely  affected  by 
an  intrusion  than  one  less  deeply  covered.  Good  geological  evidence 
exists  in  some  cases  to  show  that  this  has  distinctly  been  so. 

Again,  rocks  that  have  been  intensely  folded  and  crushed  may 
have  had  their  temperature  greatly  raised  in  the  process,  and  may 
he  also  in  other  ways,  by  the  effects  of  minute  cracking  and  fracture, 
rendered  more  susceptible  to  the  effects  of  an  intrusion  taking  place 
immediately  afterwards.^ 

But  the  greatest  depth-temperature,  or  the  most  intense  dynamic 
action,  may  be  powerless  to  do  more  than  to  prepare  and  assist, 
80  far  as  concerns  the  special  changes  we  have  known  as  contact- 
fnetamorphiam ;  and  these  changes  really  may  depend  upon  the 
chemical  action  of  an  intruded  igneous  mass. 

The  whole  of  this  interesting  subject  of  the  metamorphism  of 
rocks  is  as  slippery  and  dangerous  as  it  is  fascinating,  making  its 
treatment  the  ground  for  a  battle-field  in  which  the  war-cries 
of  **  dynamic,"  *•  contact,"  and  **  thermal "  are  sometimes  urged 
with  a  force  not  equalled  by  the  strength  of  evidence  at  command, 
and  in  which  the  effects  on  combatants  have  certainly  been  occasion- 
ally of  a  thermal  nature.  I  only  venture  to  timidly  set  my  foot  into 
a  part  of  one  comer  of  this  dangerous  field  because  it  has  seemed 
desirable  to  draw  attention  to  one  or  two  points  of  possible  im- 
portance to  consider  further,  before  we  take  what  is  yet  only  an 
assumption  for  a  proved  case,  and  thus  perhaps  delay  our  arrival 
at  the  truth ;  an  arrival  which  will  in  any  event  be  probably  long 
postponed,  in  the  matters  we  are  now  considering,  owing  to  the 
special  difficulties  surrounding  the  investigation  and  to  the  scarcity 
and  doubtful  nature  of  a  good  deal  of  the  evidence  we  can  hope 
to  collect. 

^  Mr.  Barrow  has  pointed  out  (op.  cit.)  how  greatly  intense  foldine  of  beds  may 
increase  their  depth  of  cover,  and  so  their  temperature.  He  also  alludes  to  some  of 
the  eridence  that  ^^reater  depth,  and  its  consequent  higher  initial  temperature,  can 
he  shown  to  have  infloenced  the  degree  of  contact-metamorphUm. 
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I. — On  the  Discovkby  of  Ctathaspis  in  the  Silurian  Fobhation 
OF  Gotland.'  By  G.  Lindstrom.  Commanicated  to  the  Boyal 
Swedish  Academy  of  Science,  Deoemher  12,  1894. 

FOR  some  years  past  drainage  works  have  heen  carried  on  in 
the  marshy  tracts  of  Gotland,  and  in  most  cases  it  has  been 
necessary  to  excavate  wide  and  deep  channels  in  the  beds  of  lime- 
stone and  shale  to  carry  off  the  water.  In  this  way  not  only  have 
many  instructive  sections  been  laid  open  to  view,  bat  also  many 
very  productive  localities  for  fossils,  more  particularly  since  through 
weathering  the  excavated  rock  falls  to  pieces  and  sets  free  the  shells, 
which,  as  a  rule,  are  not  very  firmly  enclosed. 

During  this  last  summer  one  of  these  canals  has  been  constructed 
in  the  village  of  Lau,  on  the  south-east  coast  of  Gotland.  It  is 
nearly  half  a  mile  in  length,  and  reaches  from  the  plateau  north  of 
the  church  down  to  the  shore  of  the  Baltia  For  the  greater  part 
of  this  distance  it  passes  through  marl  shales  of  a  more  than  usual 
soft  character.  These  shales  rest  below  the  limestones  which  form 
the  knolls  round  Lau  church,  so  well  known  from  containing  the 
operculate  corals  of  the  two  species  Bhizophyllum  GoUandieum  and 
JB.  elougalum,  together  with  other  well-preserved  fossils,  some  of 
which  are  present  in  the  underlying  marl  shales,  which  also  are 
rich  in  organisms.  A  peculiarity  of  this  fauna  is  that  all  the 
shells  occurring  in  it  are  extremely  thin,  whilst  the  same  forms  from 
other  localities  have  thick  shells.  Moreover,  they  do  not  show 
any  indication  of  having  been  rolled  in  water.  This  circumstance, 
together  with  the  fine  character  of  the  shale,  points  to  a  considerable 
depth  of  water,  in  which  the  animals  lived  beyond  the  influence  of 
wave  action.  The  deposit  may  also  have  been  formed  in  the  still 
water  of  a  sheltered  bay,  for  the  almost  entire  absence  of  corals, 
elsewhere  so  numerous,  indicates  under  any  circumstances  smooth* 
water  conditions. 

Altogether,  up  to  the  present  time,  I  am  acquainted  with  about 
fifty  species  from  the  marl  shales  of  this  canal.  Of  Crustaceans  we 
know  a  Calymene,  Bumaifttis  sulcatus,  Proetas  consperauSf  an  £ury« 
pterid,  a  Ceratiocaris,  and  some  forms  of  Leperditia  and  Beyrichia, 
Of  Cephalopoils,  some  forms  of  Orihoceras  and  a  Oomphoceras,  Of 
Annelids,  Trachydeima;  four  forms  of  Chntdaria.  several  Gasteropods, 
with  about  eight  Lamellibranchs  and  Bi-achiopods.  Through  such 
species  as  Proetus  conaperstia,  Avicnlopecten  Danbyit  M'Coy,  and 
others,  the  fauna  of  the  Lau  shales  shows  its  relationship  to  the 
other  South  Gotland  faunas,  such  as  the  oolite  and  sandstone  of 
Bursvik,  but  it  has  also  a  faunistic  connection  with  the  Ostergarn 
beds. 

An  inhabitant  of  Visby,  Mr.  A.  Florin,  who  has  for  the  last  twenty 
years  collected  fossils  for  the  palsaontological  section  of  the  National 

1  OfTenigt  af  Eongl.  Tetensk.-Akad.  Forhandlingar,  1894,  No.  10,  Stockholm, 
pp.  616-618.    Translated  by  Dr.  6.  J.  Hinde. 
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Maseam,  sent  dnrltiff  this  last  antnmn  ieveral  oolleotions  from  the 
Lau  Ganal-beds,  and  lately  there  was  amongst  them  a  pair  of  shining, 
oral  objects,  with  a  peculiar  sculpture ;  and  so  well  preserved  that 
it  was  not  difficult  to  reoo^ize  them  as  the  dorsal  shields  of  fishes 
of  a  very  ancient  type.  The  strongly  arched  and  shining  shield- 
plate  consists  of  four  parts  grown  together ;  a  central,  which  is  the 
largest  piece;  on  each  side  of  this  a  small  elongate  lateral  piece, 
together  with,  in  front,  a  transTerse  rostral  plate.  This  latter  is 
wanting  in  one  of  the  specimens,  and  the  more  perfect  example, 
which  lies  with  the  front  portion  somewhat  below  the  first,  has  a 
small  triangular  process  pntjeoting  from  the  rostrum.  Both  speci- 
mens are  imperfect  at  the  back,  so  that  the  margins  cannot  be 
distinguished.  The  surface  of  the  shield  is  wrinkled  with  faintly 
elevated,  longitudinal  lines,  which  on  the  front  portion  of  the  central 
plate,  where  it  meets  the  rostrum,  aro  divided  up  into  smaller  portions 
and  small  knobs.  The  lines  on  the  rostrum  run  transversely ;  they 
also  become  broken  up  so  as  to  form  smaller  bundles.  Thus  each 
of  tlie  five  plates  which  form  together  the  complete  dorsal  or  head- 
shield,  has  its  surface-lines  disposed  independently.  On  the  surface 
of  the  same  slab  there  lies  a  comb-shaped  shining  scale,  also  the 
impression  of  another,  somewhat  larger.  These  have  probably 
brmed  part  of  the  covering  of  the  tail  of  the  fish. 

The  dimensions  of  the  moAt  complete  specimen  are:  length 
55  mm.,  breadth  32  mm.,  thickness  *7o  mm. ;  the  central  plate 
40  mm.  long  by  25  mm.  wide ;  a  lateral  plate  7  mm.  wide ;  rostrum 
10  mm.  long,  16  mm.  wide.     One  of  the  scales  covers  8x4  mm. 

llie  whole  structure  of  these  shields  indicates  a  fossil  belonging 
to  the  Pteraspidfls  and  nearest  to  the  genus  Cyathaapia,  From  this, 
however,  it  differs  in  the  triangular  prolongation  of  the  ro8trnni. 
With  the  genus  Tolypelepia  of  Pander,'  since  more  fully  described 
by  Rohon,'  it  has  a  certain  resemblance  in  the  glistening  wrinkled 
surface,  but  judging  from  the  descriptions  it  markedly  differs 
in  its  general  structure.  It  will  require  some  further  interval 
to  carry  out  a  thorough  investigation  of  the  characters  of  this 
Grotland  fossil  before  naming  it  and  assigning  its  position. 

Some  smnll,  almost  microscopic,  head  scales  were  washed  out 
of  clay  at  Uammarudd  near  Ostergam  by  the  Russian  palnsonto- 
logist  Volborth,'  in  1860,  and  they  have,  moreover,  been  described 
by  Rohon.  According  to  him  they  belong  to  two  species  of 
ThehUpis,  L.  Ag.,  T.  parvtdensj  Ag.,  and  T.  Volhorthi,  Rohon,  both 
of  which  also  occur  in  England  and  on  the  island  of  Oesel,  but 
at  a  still  higher  horizon  than  on  Gotland. 

It  is  well  known  that  a  considerable  number  of  Pteraspid  fishes 
have  been  found  in  the  Upper  Silurian  of  Galicia  and  Podolia,^  but 

*  Monographie  der  foes.  Fische  des  Silar.  Systems  der  russ.-baltischen  Gou- 
rernements  ;  Petersb.,  185A,  p.  60. 

*  Die  obenilur.  Fische  von  Oesel ;  M6m.  de  TAcad.  Imp.  de  St.  P^tersbourg, 
▼ii.  3,  t.  xli.  No.  d,  p.  76. 

»  Quart.  Journ.  Geol.  Sue.  1861,  p.  6o2;  Rohon,  I.e.  pp.  32  and  36. 
«  T.    Alth,    Ueber  die  palsoz.   uebilde    Podoliens.   Abhandi.  der  k.-k.   Geol. 
Beichsan.  Bd.  rii. 
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only  in  the  apperraost  beds,  on  the  borders  of  the  Devonian,  to 
which  formation  also  belong  the  by  far  greater  number  of  these 
fosbils  which  have  been  discovered  in  England,  Spitzbergen,  etc. 
The  Gotland  forms,  on  the  other  hand,  lie  deeper,  in  one  of  the  oldest 
beds  of  Gotland — the  widely  extended  marl  shales  which  appear 
nearly  all  over  the  island  below  the  limestone.  There  is  no 
possibility  that  the  marl  shales  of  the  east  coast  differ  stratigraphi* 
cally  from  those  of  the  west  coast,  however  unlike  they  may  be 
palieontologically.  A  description  of  the  dissimilar  faunas  which 
these  shales  contain  has  already  been  given  by  me  ^  some  years 
since.  Up  to  the  present  no  fossil  fish  has  been  discovered  in  the 
newest  strata  of  Gotland.  These  from  Lau  are  therefore  the  oldest 
known  fish  from  the  entire  Upper  Silurian  in  so  far  as  the  marl 
•hales  are  homotaxial  with  the  Wenlock  beds.  But  still  further--* 
Since  it  has  been  found  that  the  Conodonts  in  the  Canibrian  Green* 
sand  of  St  Petersburg  are  not  fish  remains,  and  as  those  from  North 
America  described  as  Lower  Silurian  are  completely  Devonian 
in  type,  and  from  their  position  in  disturbed  beds  cannot  be  con* 
sidered  with  any  degree  of  possibility  as  true  Lower  Silurian,  we 
must  regard  the  Gk)tland  Cyathaspia  not  only  as  the  oldest  known 
fish  but  also  as  the  oldest-  vertebrate,  which,  until  a  further  discovery 
is  made  from  still  older  beds,  lends  to  it  an  importance  which  it 
would  not  otherwise  have  possessed.  G.  J.  H. 


IL — On  the  Age  of  the  Earth.     By  Prof.  John  Perry,  F.R.S. 
"Nature"  (January  3rd,  1895),  vol.  li.  pp.  224-227. 

OF  the  many  attempts  to  determine  limits  to  the  earth's  age, 
one  of  the  best  known  is  that  derived  by  Lord  Kelvin  from 
the  cooling  of  the  earth.  In  order  to  reduce  the  problem  to  the 
simple  form  required  by  mathematical  analysis,  Lord  Kelvin  was 
obliged  to  make  several  assumptions.  He  imagined  the  earth  to  be 
a  homogeneous  solid  mass,  with  the  same  conductivity  and  other 
heat-properties  as  the  surface  rock.  He  supposed  it  to  have  been 
initially  at  a  uniform  temperature  of  7000^  F.  throughout,  and  that 
its  surface  was  suddenly  brought  to,  and  kept  at,  the  temperature  0°. 
And,  lastly,  though  aware  that  there  might  be  a  small  loss  of 
potential  or  chemical  energy,  he  assumed  the  earth  to  be  losing 
energy  only  in  the  form  of  sensible  heat  Then,  from  the  known 
average  rate  at  which  the  temperature  increases  with  the  depth,  he 
obtained  100  million  years  as  a  probable  value  of  the  earth's  age, 
and  20  million  and  400  million  years  as  the  limits  between  which 
it  must  certainly  lie. 

The  value  of  Lord  Kelvin's  estimates  of  course  depends  entirely 
on  the  closeness  with  which  the  natural  and  assumed  conditions 
agree,  and  Prof.  Perry  points  out  that,  in  taking  the  conductivity 
uniform  throughout  the  earth,  the  two  sets  of  conditions  are  in 
reality   made   to   differ   very   widely.     It  is  not   unreasonable   to 

>  Ueber  die  Schichtenfolge  des  SUur  auf  der  Insel  Gotland.  Neues  Jahrb.  1888, 
Bd.  i.  p.  147. 
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loppose,  aa  he  soggeBtB,  that  the  earth  conusts  of  a  shell  of  rock 
nmilar  to  what  we  have  now  at  the  Hurfaoe,  and  of  an  interior  maaa 
which  conducts  heat  much  more  rapidly  than  the  outer  crust 

Now,  if  this  he  the  case,  the  effect  of  the  greater  interior  con- 
ductivity will  ohviously  he  to  keep  the  joining  surface  of  the  shell 
and  nucleus  at  a  higher  temperature  than  the  surface  at  the  same 
depth  in  Lord  Kelvin's  imnginary  earth.  Near  the  surface  of  the 
earth,  therefore,  the  rate  at  which  the  temperature  increases  with 
the  depth  would  he  greater  now  in  Prof.  Perry's  than  in  Lord 
Kelvin's  earth.  But  this  rate  decreases  as  the  time  since  con« 
lolidation  increases.  Hence,  a  given  downward  rate  of  increase  of 
temperature  (say  1^  F.  in  50  feet)  would  he  reached  much  earlier 
with  Lord  Kelvin's  than  with  Prof.  Perry's  conditions.  In  other 
words,  if  Prof.  Perry's  supposition  be  correct,  and  on  this  point 
most  geologists  will  probably  agree  with  him,  Lord  Kelvin's 
estimate  of  the  age  of  the  earth  errs  by  being  far  too  smalL 

How  much  too  small  cannot  be  determined,  but  it  is  sufficient  for 
geological  purposes  to  know  that  the  upper  limit  of  400  million 
years  may  have  to  be  gi-eatly  increased,  and  that  one  of  the  orders 
to  stop  payment  on  the  Bank  of  Time  is  for  the  present  practically 
withdrawn.  G.  Davison. 


III. — Reconstruction  of  tub  Antillean  Continent.  By  J.  W. 
Spenoek,  Ph.D.,  F.G.S.  Bull«?tin  of  the  Geological  Society  of 
America,  voL  vi.  pp.  103  to  140,  January,  1895.  With  a 
plate. 

DR.  SPENCER  was  led  to  undertake  this  investigation  by  his 
study  of  submerged  valleys  in  higher  latitudes,  and  he  found 
that  similar  evidence  existed  in  the  Antillean  region.  Recent 
geological  work  in  Florida  and  in  some  of  the  West  Indian  islands 
led  him  alto  to  vmt  Cuba  and  to  study  its  geological  structure. 
One  result  of  this  visit  has  already  been  published  in  this  Magazine, 
and  now  we  have  another  important  contribution  to  West  Indian 
geology. 

The  first  part  of  the  essay  is  a  study  of  submarine  geography  : 
the  author  points  out  that  the  continental  shelf  of  the  east  ouast 
is  continued  in  the  broad  plateau  on  which  the  Bahama  Islands 
stand,  and  that  outside  this  upper  shelf  there  is  a  much  lower  one, 
termed  the  Blake  Plateau  by  Prof.  Agassiz,  which  lies  at  an 
average  depth  of  2700  feet  below  sea-level ;  from  this  there  is 
a  steep  slope  down  to  12,000  feet  (2000  fathoms). 

The  outer  margin  of  this  lower  shelf  is  indented  by  embay ments 
from  the  deep  water  beyond,  and  the  submarine  plateau  is  trenched 
by  deep  and  narrow  depressions  which  appear  to  be  submerged 
valleys^  formed  by  river  erosion,  and  these  valleys  open  into  the 
embay  ments. 

*  Dr.  Spencrr's  application  of  the  tcTin  ,(/ord  to  these  vallovs  is  not  cinitc  in 
accordance  with  European  U'tagu,  for  their  coabtul  portions  are  tilled  with  alluvium 
and  are  not  open  inlets. 
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Partiontsre  are  giren  of  wme  of  tha  o1)Uid«1b  wbioh  «r 
Blake  Plateau ;  some  of  them  are  tnceable  for  200  or  30 
and  reach  a  depth  of  10,000  feet  before  the;  are  lost  in  tl 
oceonic  embaynienla.  The  deep  trougliH  which  fnrrow  the  1 
Plateau  prpBeot  the  aama  features,  apd  a  Btudy  of  the  Unitei 
bydrographio  oharts  of  the  Oulf  of  Mexico  exhibila  a 
■late  of  things — an  upper  continental  shelF  to  aboat  600  fi 
then  a  slope,  in  some  places  gradual,  in  others  steep,  down  to 
of  9000  to  10,000  feet  Both  ebelf  and  elopes  are  traver 
Tall^yB,  the  floors  of  which  are  often  several  hnndred  feet  be 
platFADs  on  each  side,  and  these  valleys  seem  to  be  prolon 
of  those  by  which  the  modern  oontiueut  is  drained. 

All  these  features  are  t.hown  on  the  map  which  aooorapat 
paper,  and  below  the  Straits  of  Florida  a  broad  submerged 
is  seeo  draininj;  VMtward  into  the  Gnlf  of  Mexico,  not  i 
Atlantic,  llie  Sea  of  Hondnras  and  the  Caribb«-an  Sea  are 
oomparable  to  the  Golf  of  MeKioo,  bnt  the  floor  of  the  formei 
to  have  been  deformed  by  late  orogenio  disturbance*  whio 
produced  long  depressions  parallel  to  the  mountain  ranges  i 
and  Jamaica. 

Dr.  Spencer's  conclusion  from  all  the  evidence  is,  thi 
making  all  allowance  for  possible  foldings  the  northern  side 
Gulf  of  Mexioo  has  been  sunk  not  less  than  8000  feet,  and  I 
south-east  part  of  North  America,  together  with  the  Greater  / 
bas  been  depressed  for  10.000  or  12,000  feet;  that  befc 
depression  the  two  Americas  were  united  along  the  West 
ri<tge,  and  that  the  deep  bneins  of  the  Caribbean,  the  Hondui 
and  the  Gulf  of  Mexico  were  broad  plains  through  which  riv 
wfulward  into  the  Pacific  Ocean.  Tie  believes  that  these  cot 
lanted  till  a  comparatively  recent  date  and  that  when  the  bn 
Central  America  was  raised  the  Antillean  basins  sank. 

He  next  endeavours  to  determine  the  probable  dates  of  el 
and  subsidence,  a  etndy  which  of  course  involves  a  cor: 
of  the  various  formntionB  that  have  been  described  by  d 
authors  in  the  several  islands  of  the  West  Indies.  This  pari 
essay  is  not  quite  so  SHtisfuctory.  partly  because  too  little 
known  of  the  geology  of  the  West  Indies,  and  partly 
Dr.  Spencer's  own  observatious  in  Cuba  are  not  yet  publls 
that  we  are  here  presented  with  some  of  his  conclusions  ' 
all  the  data  on  which  they  are  founded.  His  reading  of  Ai 
history  is  as  follows  : — 

In  Eocene  times  there  were  islands  round  which  shallov 
deposits  were  formed,  but  no  continental  connection.  The  ) 
period  was  one  of  deep  subsidence,  and  deposits,  largely  o. 
water  origin,  were  accumulated  to  a  thickness  in  some  pi 
more  than  2000  feet,  the  Pacific  and  Atlantic  being  broadly 
During  Pliocene  times  came  a  great  upheaval,  and  the  sea  6c 
raised  to  elevations  of  from  8,000  to  12,000  feet  above  the 
sea-leveL  The  Antillean  region  was  nnited  to  both  Ameno 
the  drainage  was  westward  into  the  Pacific. 
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"  In  Culm,  Jamaioa*  and  San  Domingo,  resting  npon  the  upturned 
edges  and  denuded  eurfaoes  of  Miooene  and  earlier  formations,  there 
is  a  deposit  of  soft  earthy  white  or  creamy  limestone,  made  out  of 
the  meohanioal  residue  of  older  limestones,  with  some  small  masses 
of  oorals  and  shells.  All  the  observed  speoies  in  Cuba  are  the  same 
as  the  liTing  ones.  To  this  formation  the  writer  has  given  the  name 
of  the  Hatansas  series.  Owing  to  the  modern  faoies  of  the  organic 
remains  Salterain  has  included  it  in  the  post*  Pliocene,  but  states 
that  it  may  be  Pliocene."  Dr.  Spencer  correlates  this  with  certain 
deposits  in  Florida,  Yucatan,  and  elsewhere,  and  infers  a  great 
lubsidence  and  drowning  of  the  Pliocene  land  at  this  time. 

But  the  present  position  of  the  Matsnzas  limestone  and  the  deep 
valleys  which  have  been  cut  through  it  indicate  a  subsequent 
upheaval  of  the  whole  region  equal  to  that  of  the  Pliocene  elevation. 
This  was  a  second  continental  period,  but  it  seems  as  if  the  Atlas  of 
the  Antilles  soon  became  tired  of  holding  up  the  land  at  such  a  height, 
and  so  let  it  down  again  for  a  time  in  the  later  Pleistocene  to  receive 
another  set  of  marine  deposits  (Zapata  and  Columbian).  Finally 
there  were  other  movements  of  less  extent,  by  which  the  present 
arrangement  of  sea  and  land  has  been  produced.  With  respect  to 
the  formation  of  the  Central  American  barrier.  Dr.  Spencer  thinks 
that  it  WAS  accomplished  entirely  within  Pleistocene  time.  Islands 
doubtless  existed  there  from  early  Tertiary  times,  but  the  deforma* 
tion  which  converted  them  into  a  ridge  and  the  Antillean  Seas  into 
basins  did  not  hegin  till  late  Pliocene  time,  and  the  Pacific  waters 
were  not  finally  shut  out  till  the  very  latest,  or  post-Zapata,  upheaval 
of  the  land. 

Dr.  Spencer  has  evidently  thrown  all  his  well-known  energy  and 
acumen  into  this  investigation,  and  may  be  congratulated  on  the 
work  he  has  accomplished  in  connection  with  it  Many  of  his 
conclusions  are  doubtless  based  on  substantial  evidence  and  ascer- 
tained facts,  but  the  wonderful  series  of  earth-movements  which  he 
postulates  depends  on  correct  correlation  of  deponits  in  difierent 
parts  of  the  area,  and  in  this  matter  there  is  at  present  room  for 
difference  of  opinion.  Future  researches  may  possibly  necessitate 
some  modifications  in  the  later  part  of  his  history,  and  he  will  have 
to  prove  that  the  latest  deformation  did  not  include  a  north  and 
south  upheaval  of  the  Windward  Kidge  as  well  as  a  warping  up  of 
Central  America,  for  this  seems  to  me  very  possible.  However  this 
may  turn  out  it  would  not  materially  affect  the  broader  generaliza* 
tions  now  made,  as  to  the  former  continental  extension,  and  as  to 
the  late  date  of  the  Central  American  barrier. 

Dr.  Spencer  is  fully  sensible  of  the  startling  nature  of  his 
conclusions,  but  so  far  as  the  magnitude  of  the  vertical  movements 
are  concerned  they  will  not  astonish  anyone  who  has  accepted  the 
results  of  recent  work  in  Barbados. 

A.  J.  Jukbs-Browne. 
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I. — Annual  Gknbral   Mbbting. — February   15th,  1895. 

Dr.  Henry  Woodward,  F.B.S.,  President,  in  the  Chair. 

Tlie  Secretaries  read  the  Reports  of  the  Council  and  of  the  Library 
and  Museum  Committee  for  the  year  1894.  In  the  former  the 
Council  congratulated  the  Fellows  on  the  satisfactory  condition  of 
the  Society's  finances,  and  pointed  out  that  the  deci-ease  in  the 
number  of  Fellows,  to  which  attention  had  been  drawn  in  the  two 
previous  annual  reports,  has  been  much  less  apparent  daring  the 
past  year. 

The  number  of  Fellows  elected  in  the  course  of  1894  was  48; 
of  these  36  qualified  before  the  end  of  the  year,  making,  with 
7  previously  elected  Fellows,  a  total  accession  of  43  during  the 
twelvemonth.  In  the  same  period  the  losses  by  death,  resignation, 
and  removal  amounted  to  54,  the  actual  decrease  in  the  number  of 
Contributing  Fellows  being  5.  The  result  of  the  work  of  checking 
the  exact  number  of  Fellows,  both  by  the  List  and  on  the  books, 
showed  that  at  the  end  of  1894  the  total  number  of  Fellows, 
Foreign  Members,  and  Foreign  Correspondents,  was  1321,  305 
being  Compounders,  862  Contributing  Fellows,  75  n  on -Contributing 
Fellows,  40  Foreign  Members,  and  39  Fomgn  Correspondents. 

The  Balance-sheet  for  the  year  1894  showed  Receipts  to  the 
amount  of  £2643  5b,  10(2.,  and  an  Expenditure  of  £2656  2«.  84., 
being  an  excess  of  Expenditure  over  actual  Income  of  £12  16«.  10(2. 
The  Balance  in  favour  of  the  Society  on  December  31st,  1894, 
amounted  to  £358  9a.  Id. 

llie  Council  then  refer  to  the  raising  of  the  Composition  Fee  as 
a  result  of  the  deliberations  of  the  Finance  Committee,  and  express 
their  regret  at  the  resignation  of  the  Treasurer,  the  Rev.  Thomas 
Wiltshire,  after  thirteen  years'  tenure  of  office. 

The  completion  of  Vol.  50  of  the  Quarterly  Journal  was  announced, 
and  the  Fellows  were  informed  that  the  List  of  Additions  to  the 
Library  would  in  future  be  issued  as  a  separate  publication.  The 
Index  to  the  first  fifty  volumes  of  the  Journal  had  proved  a  more 
arduous  task  than  was  at  first  anticipated,  and  there  was  no  prospect 
of  its  being  issued  to  the  Fellows  during  the  current  year,  although 
every  effort  would  be  made  to  expedite  the  work. 

In  conclusion,  the  Awards  of  the  various  Medals  and  proceeds  of 
Donation  Funds  in  the  gift  of  the  Society  were  announced. 

The  Report  of  the  Library  and  Museum  Committee  enumerated 
the  additions  made  during  the  past  year  to  the  Society's  Library, 
announced  the  completion  of  several  sets  of  serials,  formerly  im- 
perfect, and  referred  more  especially  to  the  large  accession  of  books 
and  pamphlets  from  the  libraries  of  Sir  John  Evans,  the  Rev.  J.  F. 
Blake,  and  the  late  Mr.  W.  Topley.  The  Report  further  recorded 
the  completion  of  the  work  of  registering  the  type  and  other 
important  specimens  of    the    British    Collection   in    the   Society*s 
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MuBeum  by  Mr.  0.  Davies  Sherborn,  F.G.S.,  and  expressed  the 
opinion  that  ibis  work  should  be  ooutinued  in  the  Foreign  Collection, 
80  soon  as  a  grant  from  the  Society's  funds  can  be  made  for  the 
porpose. 

In  presenting  tbe  Wollaston  Medal  to  Sir  Archibald  Gkikie,  D.Sc, 
LL.D.,  F.K.S.L.  &  E.»  F.G.S.,  the  President  addressed  him  as 
follows : — Sir  Archibald  Geikie, — 

It  is  one  of  the  greatest  pleasures  of  my  office  to  be  the  mediam  of  the  Council 
in  conveying  to  so  distinguished  a  recipient  as  yourself  the  Wollaston  Medal— the 
liighflst  token  of  appreciation  which  it  is  within  their  power  to  bestow;  and  to 
asmre  ^ou,  at  the  same  time,  of  the  unanimity  of  good  will  and  esteem  which 
marks  its  presentation. 

I  find  it  a  most  difficult  task  adequately  to  express,  in  a  few  words,  an  idea 
of  the  great  serrices  that  yon  have  rendered  to  Geology,  whether  as  an  active 
worker  and  obsenrer  in  the  field,  for  forty  years,  or  as  an  eloquent  and  polished 
literary  exponent  of  the  science  which  we  cultivate. 

In  1863  you  published  not  the  least  important  of  your  Memoirs,  **  On  the 
Phenomena  of  the  Glacial  Drift  of  Scotland,*'  in  which  you  gave  the  earUest 
connected  account  of  the  various  Drift->deposits  and  chief  Glacial  features  of  your 
native  country,  and  you  then  advocated  the  agency  of  land-ice  in  the  formation  of 
the  great  accumulations  of  Boulder-clay  and  Till.  This,  and  the  later  surface- 
efaan^,  with  their  geologic  and  historic  associations,  have  ever  interested  you, 
and  m  your  **  Scenery  of  Scotland'*  you  have  rendered  the  subject  most  instructive 
and  interesting  to  others  also,  both  by  pen  and  pencil. 

The  regions  of  Skye  have  always  had  a  peculiar  fascination  for  you.  In  your 
earliest  contribution  to  this  Society  you  described  the  subdivisions  and  enumerated 
the  fositils  of  the  Lias  of  that  island. 

Later  on  your  attention  became  directed  to  the  Volcanic  Rocks  of  the  Inner 
Hebrides.  These  researches,  which  were  eventually  embodied  in  your  great  Memoir 
on  '*The  History  of  Volcanic  Action  during  the  Tertiary  Period  in  the  British 
Isles,**  will  hold  a  lasting  place  in  geological  literature. 

You  early  studied  the  microscopic  structure  ot  rocks,  and  the  eruptive  ejectamenta 
of  different  periods  engaged  your  attention. 

Your  Memoir  on  the  Carboniferous  Volcanic  Rocks  of  the  Basin  of  the  Firth  of 
Forth  (1879) — one  of  the  earlier  fruits  of  these  researcht^ — deserves  enpecial 
mention ;  and  you  were  eventually  led  to  consider  generally  the  history  of  volcanic 
action  in  Britain,  an  account  of  which  is  given  in  the  two  Presidential  Addresses 
delivere<i  by  you  before  this  Society  (1891-92).  I  may  also  allude  to  your  Memoir 
on  the  Old  Ited  Sandstone ;  to  your  researches  among  the  older  rocks,  and  to  the 
admirable  manner  in  which  you  have  directed  tluj  labours  of  your  st^iff  on  the 
Geological  Surv'ey,  especially  in  their  work  among  the  Scottish  Highlands,  where 
the  geologist  is  confronted  by  some  of  the  most  difficult  and  eoniplicuted  of  geo- 
losrical  problems.  Your  great  Text-B(K^k  of  Geology;  your  attractive  Memoirs  of 
Edward  Forbes,  of  Murchison,  and  lastly,  that  just  published,  oi  Ramsay — attest 
the  facility  with  which  you  wield  the  ptm,  as  well  as  the  hammer.  It  has  been  my 
good  fortune  to  claim  you  among  my  pernoual  friends  since  first  we  met  in  1864,  and 
many  good  papers  by  you  have  appeared  in  the  Geological  Magazine,  as  well  as 
in  the  Quarterly  Journal.  May  you  long  continue  to  hold  the  important  position  of 
Dirwrtor- General  of  our  Geological  Survey,  to  the  well-being  of  the  members  of 
yoor  staff,  and  to  the  advancement  of  Geology  in  this  country. 

Sir  Archibald  Geikie,  in  reply,  said  : — Mr.  President, — 

To  receive  from  the  Geological  Society  its  highest  award,  and  thus  to  be  enrolled 
in  that  list  of  illustrious  namas  so  intimately  associated  with  the  birth  and  progress 
of  Geology,  is  a  distinction  of  which  a  man  may  well  be  proud.  I  am  doeidy  grateful 
to  the  Council  for  the  honour  which  they  confer  upon  me,  and  to  you,  Sir,  lor  the 
kindly  but  too  eulogistic  words  with  which  you  have  handed  to  mo  the  Wollaston 
Medal.  For  any  services  which  I  have  been  able  to  render  to  the  cause  of  our 
favourite  science  I  am  mainly  indebted  to  the  enthusiasm  with  which,  in  my  boyhood, 
the  science  itself  inspired  mo.  Geology  early  fascinated  me,  and  she  fascinates  me 
still.     She  filled  me  with  earnest  desire  to  devote  my  life  to  hex  aervve^i,  wA  Vi 
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OTemuwtering  did  this  desire  become  that,  althoneh  destined  for  a  whollr  diflerent 
career,  I  was  finally  allowed  to  follow  whither  she  led.  That  ardour  has  lasted  erer 
since,  and  I  am  not  conscious  that  it  has  yet  be^^  to  grow  dim,  OTen  although 
sometimes  one  may  perhaps  feel  the  hills  to' be  a  httle  steeper  and  the  miles  a  little 
longer  than  they  used  to  he  thirty  or  forty  years  ago. 

But,  passing  from  merely  personal  considerations,  I  reodre  this  award  with 
peculiar  satisfaction,  because  I  regard  it  as  another  link  in  the  chain  of  mutual 
kindness  and  helpfulness  which  binds  together  this  Society  and  the  Geological 
Sun'ey.  Among  the  recipients  of  the  'Wollaston  Medal  I  find  the  names  of  all 
my  predecessors  at  the  head  of  the  Survey.  That  you  should  hare  added  my  name 
to'  tne  list  is  doubly  gratifying,  for  it  may,  I  trust,  be  taken  as  a  proof  that  the 
feelings  of  cordial  sympathy,  which  have  so  long  united  the  two  bodies,  have  not 
been  weakened  during  my  tenure  of  office.  Surrey  men  are  proud  of  their  con- 
nection with  this  Society,  and  they  share,  I  know,  in  the  gratification  which  this 
new  expression  of  the  Socie^s  gooa  will  towards  us  cannot  but  create  in  our  minds. 

If  anything  could  add  to  the  personal  pleasure  of  the  award  it  would  be  that  the 
medail  should  be  placed  in  my  hands  by  an  old  and  yalued  friend  like  yourself.  It 
is  such  little  touches  of  human  interest  which  warm  and  light  up  formal  ceremonies 
like  these.  But  there  is  a  further  source  of  satisfaction  in  the  fact  that  while  you, 
Sir,  are  President  of  the  Society,  you  are  also,  at  the  same  time,  the  worthy  and 
honoured  head  of  that  great  department  of  the  National  Museum  which  is  specially 
consecrated  to  the  cultivation  of  our  beloved  science.  The  Triple  Alliance  of  the 
Society,  the  Museum,  and  the  Survey  is  a  league  neither  for  offence  nor  for  defence, 
but  stands  as  a  symbol  of  that  brotherhood  which  unites  the  promoters  of  science  in 
one  common  bond,  and  as  a  type  of  that  union  of  the  spirit  of  emulation  with  the 
spirit  of  co-operation  to  which  the  advance  of  Geological  Science  in  this  country  is 
so  Urgely  due. 

The  President  then  presented  to  Mr.  W.  W.  Watts,  M.A.,  F.G.S., 
late  Fellow  of  Sidney  Sussex  College,  Cambridge,  and  now  of  the 
Geological  Survey  of  England  and  Wales,  the  Balance  of  the 
Proceeds  of  the  Wollaston  Donation  Fund,  addressing  him  as 
follows: — Mr.  Watts, — 

In  presenting  to  you  the  Balance  of  the  Wollaston  Fund  the  Council  of  the 
Geological  Society  desire  to  recognize  the  value  of  your  work  amongst  the  Igneous 
Rocks,  both  in  the  field  and  with  the  microscope. 

Your  papers  '*()n  the  Igneous  and  Associated  Rocks  of  the  Breidden  Hill8" 
(1885),  *•  The  Igneous  Succession  in  Shropshire"  (1888),  and  **  On  the  Geology  of 
the  Long  Mountain  **  (1891),  give  evidence  of  your  careful  study  of  the  stratigraphy 
and  palaeontology  of  the  older  Palscozoic  rocks,  and  of  the  petrology  of  the  igneous 
rocks  associated  with  them. 

Your  observations  on  the  Comdon  dolerite  showed,  for  the  first  time,  that  a  mass 
of  igneous  rock  presenting  a  definite  laccolite-structure  was  to  be  found  in  tins 
country. 

The  general  results  of  your  work  are  embodied  in  the  important  Memoir  on  *^The 
Geology  of  South  Shropshire,"  by  Prof.  Lapworth  and  yourself  (published  in  the 
Proceedings  of  the  Geologists'  Association,  1894). 

For  several  years  you  have  rendered  much  valuable  service  as  Secretary  and 
Recorder  of  Section  C,  at  the  British  Association. 

Latterly  you  have  devoted  yourself  more  especially  to  the  study  of  Igneous  Rocks, 
and  the  Greological  Survey  is  to  be  congratulated  on  having  secured  your  services. 

Mr.  Watts,  in  reply,  said  : — Mr.  President, — 

I  am  deeply  sensible  of  the  honour  conferred  upon  me  by  the  Council  in  awarding 
me  the  Wollaston  Grant,  but  I  am  overwhelmed  by  the  feeling  of  my  own  un- 
worthiness  when  I  reud  the  roll  of  distinguished  men,  including  the  President,  who 
have  previously  received  this  award.  It  is  a  great  pleasure  to  take  it  from  the  hands 
of  one  who  has,  throughout  my  career,  shown  me  unvarying  kindness  and  considera- 
tion ;  and  my  pleasure  is  further  enhanced  by  the  fact  that  at  the  same  time  my 
chief,  Sir  Archibald  Geikie,  receives  the  oldest  medal  granted  by  the  Society.  What 
work  I  have  done  has  been  largely  due  to  the  help  and  encouragement  that  I  have 
received  from  Prof.  Lapworth,  with  whom  the  paper  on  the  Geology  of  South 
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ShropduTe  was  written  dnriiiff  last  jmx.  I  think  it  is  a  subject  for  congratulation, 
Mt  onlj  within  the  ranks  of  the  Oeolo^cal  Surrey  but  outside  them,  that  such 
cukBd  statement  of  fact  and  such  free  discussion  oi  opinion  are,  under  itn  present 
Erection,  not  only  pennitted  hut  encouraged  amongst  the  officers  of  that  Suney. 

la  handing  the  Murohiaon  Medal  (awarded  to  Prof.  Dr.  6  n  star 
Lindstrom,  For.Memb.O.S.)  to  Dr.  G.  J.  Hinde,  V.P.O.S.,  for  trana- 
nuBfion  to  the  reoipient»  the  President  said  : — Dr.  Hinde, — 

The  Council  of  the  Geological  Sodet?  hare  unanimously  awarded  the  Murehison 
3Iedal  to  Prof.  GustaT  lim&trom,  F.M.G.S.,  of  the  State  Museum  in  Stockholm, 
in  ncognition  of  hia  long  and  valuable  services,  extending  over  46  years,  devoted  to 
the  description  of  the  foenl  fiiunas  of  the  Silurian  System,  in  the  classical  district  of 
Gotland.  Thirty  years  ago  Prof.  landstrom  settled  the  structure  and  affinities  of 
thst  trulr  remarkable  group  of  the  Operoulated  Corals  (1866,  1871,  1883)  and  the 
carious  Brachiopod  genus  Tr%m§r$lU  rl868) ;  he  has  dealt  with  the  Silurian  Curals 
of  North  Russia,  Sioeriai,  and  North  China,  and  described  the  Triassic  and  Jurassic 
Ibsals  of  Spitabergen.  Uis  great  work  on  the  Silurian  Gasteropoda  and  Pteropoda 
of  Gotland  merits  special  and  nonourable  mention ;  as  also  his  paper  on  the  singular 
Gsphalopod  AtcoetrmM  (1888-90).  By  his  discovery  of  a  fossil  air-breathing  Scorpion 
[AktopkoHUi)  in  the  Silurian. of  Uotland  he  assisted  to  carry  hack  land-animals 
into  Silurian  times.  His  Catalogue  of  SUurian  Crustacea  and  of  Swedish  FoHsils, 
ind  his  labours  to  iUnstrate  both  the  Crinoidea  and  Trilobita  of  Sweden  left 
nnpnbUshed  by  Angelin),  must  also  be  mentioned.  Nearly  all  these  memoirn  have 
been  simultaneously  issiMd  in  Swedish  and  English,  so  that  Prof.  Lindstrom's  works 
form  really  an  integral  part  of  our  own  literature. 

These  are,  after  all,  out  a  few  out  of  the  many  important  researches  whiih  have 
occupied  Prof.  Lindstrom*s  long  and  laborioud  lite.  Ho  is  already  a  Furei^ 
Member  of  our  Society ;  now  the  Council  desire  to  add  the  further  recogaition  of 
his  distin^shed  serWces  to  Geolo^ry  by  sending  him  this  appropriate  Medal,  with 
their  heartiest  good  wishes  and  regards. 

Dr.  Hinde,  in  reply,  said : — Mr.  President, — 

I  ftiteem  it  a  privilege  to  have  been  asked  by  my  friend,  Prof.  Lindstrum,  to 
represent  him  on  this  occasion.  He  desires  me  to  express  his  regret  at  his  iuahility 
to  be  present  in  person,  and  he  has  forwarded  to  me  a  letter  conveyiujir  his 
scknowledgments,  which  reads  as  follows : — 

**  Allow  me  to  express  my  deeply-felt  gratitude  for  the  honour  which  the  rouncil 
of  the  Geological  Society  have  bestowed  on  me  by  the  award  of  the  Murehison 
Medal. 

**  It  would  not  have  been  possible  for  me  to  receive  a  more  appn)priatc  and 

ratif}-ing  mark  of  approval  of  my  labours  in  Silurian  Palieontology  than  thi:*.  as 
may,  in  truth,  say  tluit  I  owe  to  Sir  Roderick  Murehison  the  first  B'tiraiilu-i  tii  my 
pa]ai<'mtolagical  stuclies.  In  1846,  when  I  was  quite  a  boy,  much  wonderiuir  at  the 
msrvelluuK  things  I  saw  enclosed  in  the  limestone-roclcs  of  my  native  i>]aiid  of 
Gothmd,  Sir  Roderick,  accompanied  by  M.  de  Vemeuil,  visit^^  the  i.<lau(l  and 
rsnced  its  strata,  along  with  the  other  old  'transition  rocks'  of  Sweden,  in  \\U 
newiy-fuunded  realm,  '  Siluria.*  This  fact  acted  on  me  as  a  fresh  revelation,  and 
indic'ited  the  path  upon  which  to  proceed. 

"  Ijater  on  in  life,  after  having  profited  by  the  vast  learning  of  my  vcui  rahle 
friend  and  teacher.  Prof.  Sven  Lov^n,  I  visited  Ijondon  to  study  your  splendid 
collections,  and  Sir  Roderick  was  the  first  to  show  them  to  me  and' to'  introdin'c  nie 
to  the  Meetings  of  your  illustrious  Societv.  Thirty-four  years  are  ^one  i)y  .since 
then,  but  who  could  ever  forget  the  words  \ieard  within  its  precincts  from  surh  men 
IS  Lvell,  Uoruer,  Owen,  Murehison  himself,  and  other  heroes  of  the  soifuce  h 

**  Sly  gratification  at  receiving  the  honour  of  the  Murehison  Medal  isi  th<'  more 
enhanced  by  its  coming  through  your  hands,  Mr.  President,  whom  I  can  claim  a<<  the 
oldest  living;  acquaintance  that  I  have  in  England,  and  to  whom  I  moreover  owe 
t  great  debt  of  gratitude  for  much  kindness  shown  during  a  period  of  more  than 
three  decades.*' 

May  I  be  allowed  to  add,  Mr.  President,  that,  thoujrh  Prof.  LindstrdmV-*  fferrit^ef 
to  Palieontologv — of  which  you  have  spoken  so  sympathetically — date  hark  to  a 
period  nearly  iiVj  years  ago,  yet  they  are  by  no'  means  concluded,  tor  «\iicc  X\i« 


180  jReporiB  and  Proeeedrng^-^^ 

annonncement  was  made  of  the  Conncil^s  intention  to  award  this  Medal  there  has; 
appeared  &  paper  by  Prof.  Lindstrom  in  the  "Transactions*'  of  the  Royal  Swedish 
Aeademv  of  l^iences,  containing  a  description  of  a  new  species  of  fish  from  strata  of 
TTenlocK  age  in  Gotland,  which  is  claimed  to  be  not  only  the  most  ancient  fish,  but 
the  oldest  vertebrate  fossil  yet  discovered. 

The  President  then  presented  the  Balance  of  the  Prooeeds  of  the 
Murchison  Geological  Fund  to  Mr.  Albert  Charles  Seward,  M.A., 
F.G.S.,  addressing  him  in  the  following  words : — Mr.  Seward, — 

The  Council  of  the  Geological  Sociejhr  have  awarded  to  you  the  Balance  of  the 
Proceeds  of  the  Morchison  Geological  Fund,  in  reco^tion  of  your  work  on  Fossil 
Botany,  and  to  aid  you  in  your  further  researches  in  this  field  of  investigation.  Tour 
early  training  in  Vegetable  Biology  gives  you  a  great  advantage  in  the  study  of 
fossil  plants,  and  your  various  papers  during  the  past  seven  years,  as  well  as  the 
Catalogue  of  Weal<ien  Plants  u]>on  which  you  are  now  engaged,  and  of  which  the 
first  part  is  published,  give  promise  of  still  more  valuable  retults  in  the  future,  which 
I  trust  you  may  live  to  verify. 

Mr.  Seward,  in  reply,  said : — Mr.  Presidenti— 

In  expressing  my  heartiest  thanks  to  the  Council  of  the  Society  for  the  Award 
which  I  have  just  received  at  your  hands,  I  can  only- venture  to  hope  that  my  future 
endeavours  in  the  study  of  foesU  plants  may,  to  some  extent,  make  amends  lor  the 
insufficiency  of  my  present  claim  to  such  generous  recognition. 

In  the  list  of  past  recipients  of  the  Murchison  Awara  there  are  included  the  names 
of  sorae  of  the  pioneers  of  Palceontological  Science,  and  it  must  always  be  my  aim, 
as  it  i8  indeed  my  duty,  to  follow  their  example  in  the  promising  ana  rich  ffeld  of 
research  in  which  they  so  successfully  hiboured.  I  should  like  to  add.  Sir,  that  my 
thanks  are  due  to  you  for  the  stimulus  which  you  have  given  to  my  work.  It  vras 
through  your  initiative  that  I  was  enabled  to  undertake  the  task  of  describing  our 
Wealden  flora,  a  work  which  I  hope  to  complete  with  as  much  speed  and  accuracy  as 
may  be. 

In  handing  the  Lyell  Medal  (awarded  to  the  Bev.  J.  F.  Blake, 
M.A.,  F.G.S.)  to  Prof.  J.  W.  Judd,  F.R.S.,  V.P.G.S.,  for  transmission 
to  the  recipient,  the  President  addressed  him  as  follows: — Prof. 
Judd, — 

The  Council  have  awarded  the  Lyell  Medal  to  the  Rev.  J.  F.  Blake,  in  recognition 
of  the  valuable  services  which  he  has  rendered  to  Geology  and  Palseontology  by  his 
zealous  and  disinterested  labours  during  the  past  quaiier  of  a  century.  In  that 
important  work  on  "  The  Yorkshire  Lias,"  by  Prof.  Ralph  Tate,  F.G.S.,  and 
himself,  published  in  1876,  he  ^ve  the  first  detailed  account  of  the  palaeontology  of 
the  successive  stages  of  the  Lias,  with  records  of  the  stratigraphical  characten  of 
each.  He  furthermore  described  dnd  figured  many  of  the  organic  remains,  and 
especially  the  Cephalopoda,  which  then,  as  in  later  years,  attracted  his  attention. 

Continuing  for  a  while  to  devote  himself  to  the  study  of  the  Jurassic  rocks,  Mr. 
Blake  communicated  to  this  Society  papers  on  the  Eimeridge  Clay  and  on  the 
Portland  Rocks ;  and  (together  witn  Mr.  W.  H.  Hudleeton,  F.R.S.)  an  elaborate 
memoir  on  the  Corallian  Kocks  of  England. 

Mr.  Blake*  s  Mono^ph  on  British  IPossil  Cephalopoda  from  the  Palflsozoic  rocks 
(18S2)  deserves  especial  mention. 

In  later  jears  ne  has  wandered  in  many  fields  among  the  older  Pala&ozmo  and 
Metamorphic  rocks — ever  and  anon  seeking  relief  among  less  ancient  deposits. 

In  his  ^*  Annals  of  British  Geology,' ^  of  which  three  volumes  have  appeared 
(1890-92),  Mr.  Blake  has  laboured  most  industriously  to  render  further  service  to 
Geolojrical  Science. 

Will  you  convey  to  Mr.  Blake,  with  this  Medal,  our  most  sincere  wishes  for  his 
health  and  for  the  success  of  his  mission  to  Baroda  ?  In  India  he  will  doubtless 
cfather  fresh  stores  of  geological  knowledge,  the  acquisition  of  which  has  been  his 
happiest  pursuit  in  life. 

Trof.  Jndd,  in  reply,  said : — Mr.  Pi'esident,— 
I  cannot  but  regret  that  the  lecipml  ol  thia  Modal  is  not  able  to  be  with  ni  this 
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iftenio<m,  and  to  hesr  the  gncefal  terms  in  which  joq  have  spoken  of  his  work. 
Mr.  Blake  hes  been  cnlM  nwnj  to  India,  to  discharge  important  duties  there,  and 
I  cannot  bnt  feel  that  hie  exile  from  home  will  be  rendered  more  tolerable  by  this 
neognition  of  his  past  work  and  by  the  assurance,  which  this  Award  will  surely 
eoDTey  to  him,  that  his  mimerous  friends  in  this  country  are  not  unmindful  of  him. 
He  has  asked  me  to  **  represent  to  this  Meeting  what  solid  satisfaction  the  Award 
giTes  him,"  and  he  requests  me  to  add  that  "any  seological  work  I  have  done, 
or  may  be  doing,  has  never  been  done  for  the  sake  of  honour,  but,  as  Prof.  Lodge 
ODoe  said,  '  if  a  man  feels  that  he  has  a  call  for  any  line  of  research,  he  is  bound  to 
obey  it,  uid  woe  to  him  if  he  fails  to  do  so.  Necessity  is  laid  upon  him !  *  In  the 
rough  and  tumble  of  the  work,  it  is  often  a  matter  of  doubt  whether  the  call  has 
been  rightly  obeyed,  and  whether  the  work  is  as  good  as  it  should  be.  As  ajirainst 
mch  duooun^ement.  this  Award  will  always  remain  a  bulwark.  It  will  be  a 
perpetual  reminder  that  my  co-workers  sympathize  with  me,  and  appreciate  every 
effort  at  its  full,  or  more  than  its  full,  ralue.^ 

The  President  then  presented  one-half  of  the  Balance  of  the 

Proceeds  of  the  Lyell  Cleologioal  Fund  to  Mr.  Percy  Fry  Kendall, 

F.O.S.,  and  addressed  him  as  follows :— Mr.  Kendall, — 

Some  twelve  years  aso  your  attention  was  directed  to  the  study  of  the  fossils  of 
our  English  Chn^,  ana  in  1886,  in  conjunction  with  the  late  Robert  Bell,  F.G.S., 
Tou  gate  to  this  Society  an  excellent  account  of  the  fauna  of  the  newly-diiHiovered 
f liooene  beds  of  St.  Erth  in  Cornwall.  Since  then  your  obseirations  have  been 
concentrated  chieilT  on  Glacial  deposits,  and  in  elucuhiting  some  of  the  difficult 
problems  connectea  with  their  origin.  I  would  especially  call  attention  to  your 
very  full  and  careful  account  of  the  Glacial  Geology  of  the  Isle  of  Man  (1894),  in 
which  you  have  shown  yourself  a  most  enthuHiostio  and  painstaking  geologist. 
The  Council  desire  your  acceptance  of  this  moiety  of  the  Lyell  Fund — whicli  iuay 
senre  to  attest  their  appreciation  of  your  scientitic  luboura. 

Mr.  Kendall  replied  in  the  following  words: — Mr.  President, — 

The  honour  which  the  Council  of  the  Geological  SiK'iety  have  conferred  u|)on  me 
was  entirely  unexpected,  as  I  have  not  as  yet  ventunni  to  submit  any  of  the  results 
of  mv  work  upon  the  superfiuiul  deposits  of  our  country  to  the  ordeal  of  criticism 
io  this  room. 

I  have  had  in  my  career  the  good  fortune  to  be  brought  under  the  influeucc  of 
two  Fellows  of  the  Geological  SiX'iety,  to  whose  inspiration  and  example  I  owe  more 
tlian  wordi  of  mine  can  express,  and  by  whom  I  have  been  directed  into  fields  of 
enquiry  that  have  yielded  me  subjects  ot'  studv  of  constant  and  absorbing  inten^t. 

The  late  Mr.  Robert  G.  Bell,  whose  uno1)trusive,  and  for  the  niuftt  purt  un- 
pablished,  labours  are  known  to  but  few,  gave  me  a  training  in  Upper  Tertiary 
Fabeontoloey  which  I  have  found  of  priceless  value  in  the  study  of  the  more  recent 
deposits.  To  the  late  Prof.  H.  Carvill  Lewis,  moreover,  I  owe  a  deep  debt  of 
gratitude  for  awakening  in  me,  during  a  too  brief  intercourse,  an  interest  in  the 
complicated  and  fascinating  problems  of  Glacial  Geology. 

The  Award  of  a  moiety  of  the  Lyell  Fund  I  gratefully  accept  as  an  assumuce 
from  my  brother  geologists  that  my  observations  have  been  of  some  help  in  advancing 
the  science,  though  they  have  led  me  to  conclusions  which  are  not  generally  adopted. 
Thus  encouraged  I  shaU  return  to  my  pleasant  labours  animated  by  a  new  zeal. 

The  President  then  handed  the  other  moiety  of  the  Balance  of  the 
Proceeds  of  the  Lyell  Geological  Fund  (awarded  to  Mr.  Benjamin 
Harrison,  of  Ightham)  to  Prof.  T.  Rupert  Jones,  F.R.S.,  F.G.S.,  for 
transmission  to  the  recipient,  and  addressed  him  as  follows : — Prof. 
Kupert  Jones, — 

The  Council  of  the  Geological  Society  desire  to  express  to  Mr.  Benjamin  Harrison 
their  appreciation  of  his  earnest  labours  carried  on  tor  more  than  fifteen  years  in  the 
neighbourhood  of  Ightham,  resulting  in  the  remarkable  discoveries  of  rula'olithic 
Flint  Implements  of  special  chanicttT  lying  on  the  Hurface  of  the  plat4;au  at  all 
levels  up  to  nearly  600  feet  above  the  sea.  Some  idea  of  their  abundance  may  be 
formed  n-om  the  fact  that  Mr.  Harrison  has  collected  more  than  400,  within  a  radius 
of  five  milea  of  Ightham. 
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Mr.  Harrison's  discoTeries  in  the  Platean-graTelB  of  Kont  hare  resulted  in 
important  communicationB  from  Prof.  Prestwicn  to  this  and  other  aodetiee,  and 
I  now  bee  yon  to  convey  to  Mr.  Harrison  this  Award,  as  a  slight  testimony  of  the 
interest  which  the  Council  have  taken  in  his  work,  and  of  their  desire  to  aid  him 
therein. 

Prof.  Bupert  Jones,  in  reply,  said : — Mr.  President, — 

I  shall  have  very  great  pleasure  in  conveyinff  this  Award  to  Mr.  Benjamin 
Harrison,  and  with  your  permission  I  will  read  uie  following  note  which  I  hare 
receiyed  from  him : — 

*<  It  is  difficult  for  me  to  eimress  my  thanks  for  the  honour  conferred  iqpon  me, 
and  for  the  kind  words  of  the  President. 

**  At  first  I  carried  on  my  eeoIogi(»l  investigations  almost  alone,  but  was  encouraged 
by  Professor  Prestwich  and  Sir  John  Evans;  and  my  work  soon  developed  into 
a  systematic  search  for  Flint  Implements  in  the  Valleys  of  the  Shode,  Medway,  and 
Darent,  and  more  recently  on  the  Chalk  Plateau. 

**  Some  of  the  Stone  Implements  thus  found,  which  were  used  by  an  ancient 
Kentish  people,  are  so  rude  that  it  is  with  diffidence  that,  by  some  persons,  they 
have  been  accepted  as  the  handiwork  of  Man.  But  it  is  an  evidence  of  the  great 
interest  which  they  create  that,  while  the  question  of  their  origin  has  been  a  subject 
of  doubt  in  some  quarters,  the  Society  has  on  this  occasion  and  in  this  manner 
encouraged  further  search  for  these  geoIofi:ical  relics. 

<*  This  chapter  in  the  early  history  of  mankind  is  yet  very  fragmentarr,  but  I 
confidently  anticipate  the  discovery  and  careful  studv  of  further  material  for  its 
completion  by  some  of  the  many  distinguished  observers  who  have  interested 
themselves  in  the  subject.*' 

In  handing  the  Bigsby  Medal  to  the  Hon.  T.  F.  Bayard,  Ambassador 
of  the  United  States,  for  transmission  to  Charles  D.  Waloott,  Esq., 
F.G.3.,  Director  of  the  United  States  Geological  Surrey,  the  President 
addressed  him  as  follows  : — Sir, — 

It  was  the  desire  of  the  late  Dr.  J.  J.  Bigsby,  F.R.S.,  the  founder  of  this  Medal, 
that  it  should  be  awarded  biennially,  *'  as  an  acknowledgment  of  eminent  services  in 
any  Department  of  Geology — irrespective  of  the  receiver  s  country.*' 

Moreover,  *'the  recipient  must  not  be  older  than  45  years  last  birthday.**  It 
therefore  appeared  to  the  Council  of  the  Geological  Society  to  be  peculiarly  appro- 
priate to  present  it  to-day  to  Mr.  CD.  Walcott,  the  Director  of  tne  United  States 
Geological  Survey,  who  is  now  in  his  45th  year.  This  is  also  the  fourth  occasion 
upon  which  this  Medal  has  been  transmitted  to  eminent  Geologists  in  America, 
wnere  so  many  of  Dr.  Bigsby' s  own  researches  were  carried  on. 

Few  men  nave  attained  to  a  more  distinguished  position  in  Geology,  or  have 
achieved  a  larger  share  of  original  work  in  twenty  years,  than  Mr.  Walcott.  He 
long  held  the  post  of  Palaeontologist  on  the  U.S.  Geological  Survey;  then  that  of 
Chief  Geologist ;   and  lastly  he  has  been  appointed  Director. 

As  palaeontologist,  Mr.  \Valcott  labourea  most  assiduously  for  many  years  at  the 
investi^aticm  of  tne  structure  and  organization  of  the  Trilobites,  ana  was  the  first 
satisfactorily  to  show,  by  means  of  thin  sections,  the  limbs  and  branchial  appendages 
of  these  Palaeozoic  Crustacea.  The  accuracy  of  his  work  has  been  largely  confirmed 
by  the  subsenuent  discoveries  of  Trilobites  sliowing  limbs  from  the  Lower  Silurian  of 
Itome,  New  York. 

As  a  strati^phical  geologist,  Mr.  Walcott  has  contributed  many  papers  to 
science,  but  his  most  exhaustive  labour  has  resulted  in  the  production  of  his  great 
Monograph  on  the  fauna  of  the  Lower  Cambrian,  or  **  OUnellys-zoue,^*  which 
d(  tine*^  most  clearly  a  remarkable  series  of  rocks,  containing  the  oldest  fossil  fauna 
yet  discovered,  and  capable  of  being  paralleled  and  identifi^  by  its  fossils  nearly  all 
over  the  world. 

Thp8e  ancient  rocks  contain  no  fewer  than  59  genera  and  nearly  150  species  of 
organisms,  from  sponges,  corals,  and  trilobites  to  molluscs ;  and  this  assemnlage  of 
genera  appears  to  be  extremely  constant  over  widely-separated  areas  of  the  euth*s 
surface. 

Do  Tne  the  favour,  Sir,  to  convey  this  Medal  from  the  Council  of  the  Geological 
Society  to  Mr.  Walcott,  in  token  of  the  admiration  with  which  we  regard  his  woriL 
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M  •  geologift,  and  m  tTfxtaAft  of  th«  warm  fympathj  and  attaohment  exiiting 
between  Engliah  and  American  men  of  science  to-oay. 

The  AmbaBsador  of  the  United  States  replied  as  follows: — Mr. 
President, — 

There  is  bat  a  tingle  drawback  to  my  plearare  on  this  occasion,  and  that  ii  the 
absence  of  my  fellow-eonntryman,  Dr.  C.  D.  Walcott,  whose  merits,  and  serrioes 
to  science,  you  hafe  so  generously  recited,  and  by  tiiis  Medal  haTe  so  fittingly 
rewarded. 

Dr.  Walcott  has  been  awarded  this  Medal  ex  deHto  futiituB — ^not  merely  konorU 
MUM — and  I  feel  the  greatest  satisfaction  that  I  should  have  been  deputed  by  him  to 
receiTe  it  in  his  name  and  stead,  and  permitted  by  your  courtesy  so  to  act  for  him. 

The  gratification  of  Dr.  Walcott  will  be  sincere,  and  his  feelings  may  be  best 
expressed  by  the  couplet — 

"  Praise  from  such  lip  'tis  mine  with  joy  to  boast^ 
They  best  can  give  it  who  deserre  it  most.*' 

And  the  gratification  will  not  be  confined  to  him,  but  throughout  that  broad  land  it 
will  extend  among  his  countrymen,  who  will  be  proud  and  well  pleased  to  see  merit 
recognized,  and  honour  bestowed  upon  one  of  that  country's  desenrinff  sons. 

And  I  must  personally  aeknowleoge  more  than  my  equal  share  of  rae  pleasure  that 
I  feel  in  the  bestowal  of  the  honour,  for  I  am  here  as  the  EuToy  of  my  Country — 
and  especially  charged  with  the  maintenance  of  friendship,  good  will,  and  confidence 
between  the  people  of  both  nations — so  that,  when  I  realise  the  serrioe  performed 
by  such  an  occurrence  as  this  in  swelling  the  current  of  good  understanding  and 
friendship  between  the  peoples  of  the  two  countries,  my  sense  of  obligation  to  your 
Society  and  its  Fellows  is  sensibly  strengthened. 

For'  my  fellow-countryman  I  receive  this  mark  of  distinction — and  in  his  name, 
and  in  the  name  of  his  country,  and  for  rnvHolf,  I  return  you  thanks. 

The  President  then  proceeded  to  read  his  Anniversary  Address, 
in  which  he  first  gave  Obituary  Notices  of  several  Fellows  and 
Foreign  Members  deceased  since  the  last  Annual  Meeting,  including 
the  Chevalier  Dr.  Josef  Szabo  (elected  a  Foreign  Member  in  1884) ; 
M.  Gustavo  Honor6  Cotteau  (elected  a  Foreign  Member  in  1891); 
Prof.  Gkorge  Huntington  Williams  (elected  Foreign  Correspondent 
in  189J) ;  William  Pengelly  (elected  in  1850) ;  William  Topley 
(elected  in  1862)  ;  Henry  Bean  Mackeson  (elected  in  1844)  ;  the 
Hev.  Edward  Hale,  Joseph  Bickerton  Morgan,  Lord  Swansea,  better 
known  as  Sir  Hussey  Vivian,  Bart  (elected  in  1850) ;  and  James 
Adey  Birds. 

He  congratulated  the  Fellows  upon  the  completion  of  the  50th 
volume  of  the  Quarterly  Journal,  and  the  preparation  of  an  Index 
for  fifty  years  (now  in  progress). 

He  referred  to  the  generally  satisfactory  state  of  the  Society's 
affairs,  to  the  desirability  of  extending  the  Library,  and  the  inutility 
of  any  longer  maintaining  a  Museum,  the  space  occupied  by  which 
was  needed  for  books.  On  the  subject  of  finance  the  President 
expressed  the  opinion  that  sufficient  funds  had  been  invested  to 
safeguard  the  interests  of  the  Society.  He  alluded  to  the  loss 
sustained  by  the  retirement  of  Prof.  Wiltshire,  who  had  held  the 
office  of  Treasurer  for  thirteen  years.  He  also  commended  to  the 
Fellows  the  Councirs  selection  of  Dr.  Blanford  to  succeed  him 
in  that  office,  as  likely  to  be  very  beneficial  to  the  Society.  The 
President  advocated  the  desirability  of  admitting  ladies  to  the 
Evening  Meetings  of  the  Society,  and  referred  to  a  number  of 
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iottances  in  other  Societies  where  a  nmilar  priTilege  had  bead 
accorded  to  them. 

He  then  proceeded  to  give  a  brief  summary  of  Some  Points  in  the 
History  of  the  Crustacea  in  Early  Palaozoie  Times.  Referring  laigely 
to  the  papers  and  Memoirs  published  during  the  past  thirty  years, 
and  more  especially  to  those  in  the  Society's  Quarterly  Journal,  he 
described  the  researches  of  Salter,  Hicks,  Woodward,  Lapworth, 
Linnarsson,  Holm,  Brogger,  Schmidt,  Peach  and  Home,  and  of 
C.  D.  Walcott. 

Referring  to  the  search  for  the  limbs  in  Trilobites,  he  mentioned 
the  discoTeries  of  Billings,  Mickleborongh,  Matthews,  Yaillant, 
O.  E.  Beecher,  and  C.  D.  Walcott,  of  H.  M.  Bernard,  and  others. 
Under  the  Phyllopoda  and  Ostraooda  he  referred  to  the  researches  of 
Packard,  Salter,  Rupert  Jones,  Woodward,  MOoy,  Barrande,  and 
Clarke,  dwelling  specially  on  the  recent  genus  Nebalia.  He  alluded 
also  to  the  lifelong  labours  of  Prof.  Rupert  Jones  on  the  Ostraooda. 
He  hoped  next  year  to  complete  the  newer  Palsdozoic  and  the 
Secondary  and  Tertiary  Crustacea. 

This  portion  of  the  address  was  illustrated  by  diagrams  of  Tarious 

forms  of  Palieozoic  Crustacea. 

-  The  Ballot  for  the  Council  and  Officers  was  taken,  and  the  following  were 
duly  elected  for  the  ensuing  year : — Council:  U.  Bauerman,  Esq. ;  W.  T.  Blanford, 
LL.D.,  F.R.S. ;  Prof.  W.  Boyd  Dawkins,  M.A.,  F.R.S. ;  Sir  John  Erans,  KG  B., 
D.C.L.,  LL.D.,  F.R.S.  ;  Prof.  A.  H.  Green,  MA.,  F.R.S.,  J.  W.  Gregory, 
D  Sc. ;  R.  8.  Herries,  Esq.,  M.A. ;  G.  J.  Hinde,  Ph.D.;  T.  V.  Holmes,  Esq.; 
W.  H.  Hudleston,  Esq.,  M.A.,  F.R.S. ;  J.  W.  Hulke,  Esq..  F.R.S. ;  Prof.  J.  W. 
Jodd,  F.R.S. ;  R.  Lydekker,  Esq.,  B.A.,  F.R.S. ;  Lieut -General  C  A.  McMahon; 
J.  E.  Marr.  Elsq.,  M.A.,  F.R.S. ;  H.  A.  Miers,  Esq.,  M.A. ;  E.  T.  Newton,  Esq., 
F.R.S.;  F.  Rutley,  Esq.;  J.  J.  H.  Teall.  Esq.,  M.A.,  F.R  S. ;  W.  Whitaker, 
Esq.,  B.A.,  F.R.S. ;  Rev.  H.  H.  Winwood,  M.A. ;  H.  Woodward,  LL.D.,  F.R.S. ; 
H.  B.  Woodward,  Esq. 

Ofieers-.—Prendmt'.  Henry  Woodward,  LL.D.,  F.R.S.  Vice-Prendents:  Prof. 
A.  H.  Green,  M.A.,  F.R.S. ;  W.  H.  Hudleston,  Esq.,  M.A.,  F.R.S. ;  R.  Lydekker, 
Esq.,  B.A.,  F.R.S.;  Lieut. -General  C.  A.  McManon.  Secretaries:  J.  E.  Marr, 
Es4_,  M.A.,  F.R.S.;  J.  J.  H.  Teall,  Esq.,  M.A.,  F.R.S.  Foreign  Seoetary: 
J.  W.  Hulke,  Esq.,  F.R.S.     Treasurer:  W.  T.  Blanford,  LL.D.,  F.R.S. 

II.  — February  20th,  1895.  — Dr.  Henry  Woodward,  F.R.8., 
President,  in  the  Chair.  The  following  communications  were  read : — 

1.  '*  Contributions  to  the  Palssontology  and  Physical  Geology  of 
the  West  Indies."     By  J.  W.  Gregory,  D,Sc,  F.G.S. 

The  earlier  part  of  the  paper  is  largely  concerned  with  the  corals 
of  the  raised  reefs  of  Barbados,  and,  on  account  of  the  confusion  in 
the  synonymy  of  the  West  Indian  corals,  the  synonymy  of  the 
species  is  given  in  some  detail.  A  list  of  the  moUusca  of  the 
Low-level  Reefs  follows. 

The  occurrence  of  the  *'  Oceanic  Series  "  of  beds  over  wider  areas 
than  generally  recognized  is  proved  by  the  existence  of  Radiolarian 
Marls  in  Cuba,  as  announced  in  the  discussion  on  Messrs.  Jukes- 
Browne  and  Harrison's  paper  (Q.J.G.S.  vol.  xlviii.  1892),  The 
author  gives  a  list  of  species  of  Radiolaria  from  the  Cuban  deposit, 
all  of  which  are  also  found  in  that  of  Barbados.  Additions  to  the 
fossil  fauna  of  Antigua  are  recorded. 
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In  ditoQflsing  ihe  age  of  the  Barbados  rocks,  the  author  states 
that  there  is  now  no  doubt  that  the  following  is  the  sequence : — 

-D.:.^  A^-oi  n..^^     /  Low-Le?el :   Pldstocene. 
RsiMd  Cond  Beefr...  |  Higfe-Lefel :  PUocene. 

SArehiBopHnutM-abrHptuM''  \  Miocene    (and    poaribly   partly 
limestone.  >       Pliocene)    and   partly    Oli- 

Thalaasio  Marls.  )       gocene. 

Sootiaad  Beds Oligooene  (probably  Lower). 

The  fauna  of  the  Low-leyel  Beefs  proves  their  late  Pleistocene 
ige.  Until  more  mollusca  are  collected  from  the  High-lcTel  Beefs^ 
it  will  not  be  possible  to  decide  whether  the  whole  are  Pleistocene, 
or  whether  some  must  be  included  in  the  Pliooene ;  it  is  probable 
that  the  latter  will  have  to  be  done.  The  Scotland  Beds  are 
referred  to  the  Oligoceue.  This  narrows  the  limit  for  the  time  of 
formation  of  the  deep-sea  coses.  Further  light  is  thrown  on  this 
^nestion  by  examining  the  evidence  for  the  period  of  snbmeigence 
of  the  Panama  Isthmus,  from  consideration  of  the  resemblances  of 
the  marine  faunas  on  either  side,  and  the  earliest  migrations  of 
terrestrial  animals  across  the  Isthmus  since  its  elevation.  He 
puts  the  period  of  final  emergence  of  the  peninsula  in  Miocene, 
or  late  Oligooene  times,  and  maintains  that  there  is  no  evidence 
of  the  connection  of  Atlantic  and  Pacific  in  this  region  since  then. 

He  gives  reasons  for  supposing  that  a  subsidence  of  the  Caiibbean 
Sea  was  simultaneous  with  this  emergence  of  the  Isthmus,  and  that 
this  subsidence  plunged  part  of  the  area  now  occupied  by  land  into 
abysmal  depths  in  which  were  deposited  the  deep-sea  oozes  of 
Barbados,  Trinidad,  and  Cuba.  In  some  part  of  the  Miocene  or 
Pliocene  re-elevation  began,  and  shallower- water  deposits  (the 
ArehaopneuBteS'limeBtone)  were  laid  down.  Elevation  continued, 
resulting  in  the  formaticm  of  coral-reefs  and  their  final  uplift  to 
different  levels  above  the  sea. 

2.  "  Whitehaven  Sandstone  Series."   By  J.  D.  Kendall,  Esq.,  F.G.S. 

The  Whitehaven  Sandstone,  with  its  asHooiated  shales,  is  a  purple- 
gray  deposit  sometimes  having  a  thickness  of  500  or  600  feet. 
The  author  gives  details  of  many  sections  of  the  series,  which  also 
contain  thin  coal-seams  and  occasionally  Sptror&ts-limestone. 

He  combats  the  view  that  it  is  stained  Middle  Coal-measure 
deposit,  and  gives  his  reasons  for  believing  that  it  rests  uncon- 
furmably  upon  the  Middle  Coal-measures,  and  also  that  it  has  not 
received  its  colour  by  abstraction  of  colouring-matter  from  the 
Permian  beds,  but  that  the  colour  actually  belongs  to  the  deposit. 
He  describes  sections  which  show  that  the  deposit  has  a  wider  distri- 
bution over  the  Cumbrian  district  than  is  allowed  by  previous  writers. 

3.  "Notes  on  the  Genus  Murchisonia  and  its  Allies,  with  a 
Revision  of  the  British  Carboniferous  Species,  and  Descriptions 
of  some  New  Forms."     By  Miss  J.  Donald. 

The  generic  characters  of  Murchisonia  as  now  defined  are  given 
in  the  paper,  and  the  various  divisions  of  the  genus  are  examined, 
including  four  which  appear  to  be  intermediate  between  Murchisonia 
and  Pleurotomaria, 


186    ReporU  and  Proeeeding$'^Oeologieal  Society  of  London. 

The  Carboniferons  speoies  of  the  genns  are  revised  and  eleven  new 
forms  described,  rabing  the  total  number  of  known  Carboniferons 
forms  to  aboat  forty. 

III.— March  6th,  1896.— Dr.  Henry  Woodward,  F.B.8.,  Presi. 
dent,  in  the  Chair.    The  following  communications  were  read : — 

1.  ''  A  new  Ossiferous  Fissure  in  Creswell  Crags."  By  W.  L.  H. 
Duckworth,  Esq.,  and  F.  E.  Swainson,  Esq.  (Communioated  by 
Prof.  T.  McK.  Hughes,  M.A..  F.R.S.,  F.G.S.) 

The  fissure  explored  by  the  authors  is  about  80  feet  above  the 
level  of  the  artificial  lake  at  Creswell  Crags.  At  the  top  occurred 
a  white  earth  (with  human  and  other  remains),  passing  down  into  a 
red  sand  with  remains  of  fox,  badger,  roe-deer,  and  other  mammals* 
Beneath  the  latter  deposit,  and  separated  from  it  by  a  fairly  sharp 
line  of  demarcation,  came  the  cave-earth  proper,  with  Palssolithio 
implements  and  bones  of  Rhinoeeroi  tichorhinuB,  Biion  prtsetis,  Unut 
$pe1auB,  HycBna  eroetUa  var.  spelaa,  and  CervuB  tarandus. 

The  authors  suppose  that  this  cave-earth  is  derived  from  an 
older  deposit  and  has  been  transported  to  its  present  place  by 
water,  though  there  is  evidence  that  the  transport  has  been  from  no 
great  distance.  Consequently  they  followed  the  fissure  inwards, 
until  brought  to  a  stop  by  a  mass  of  travertine,  which  they  pene- 
trated with  a  small  hole.  They  hope  to  explore  the  fissure  beyond 
this  travertine  on  a  future  occasion. 

2.  *' Notes  on  the  Chemical  Composition  of  some  Oceanic 
Deposits.*'  By  Prof.  J.  B.  Harrison,  M.A.,  F.G.S.,  and  A.  J. 
Jukes-Browne,  Esq.,  B.A.,  F.G.S. 

The  authors  formerly  experi^^nced  great  difficulty  in  comparing 
their  analyses  of  the  Oceanic  Deposits  of  Barbados  with  those  of 
modern  oozes  made  by  Dr.  Brazier.  Since  then  Dr.  Murray  has 
placed  samples  of  recent  Red  Clay  and  Olobigerina-ooze  at  their 
disposal,  and  these  were  analysed  by  Prof.  Harrison  and  Mr.  John 
Williams. 

The  results  of  analysis  of  the  Red  Clay  were  arranged  as  follows : 
Argillaceous  constituent  67*85  per  cent-,  pumiceous  matter  23*26 
per  cent,  organic  constituents  5  88,  and  adherent  sea-salts  3*61 
per  cent,  llie  authors  found  that  the  argillaceous  constituent  was 
not  a  mixture  of  an  orthosilicate  of  alumina  and  hydrated  peroxide 
of  iron,  having  the  proportion  of  silica  to  alumina  as  14  to  12, 
but  a  more  highly  silicated  compound  in  which  the  proportions 
were  as  33  to  12.  It  was  in  fact  a  ferruginous  earth,  such  as  would 
result  from  the  decomposition  of  palagonite  and  of  a  basic  volcanic 
glass,  fragments  of  which  were  frequent  in  the  Pacific  red  clays. 
The  pumiceous  matter  was  the  debris  of  an  acid  pumice  containing 
7  per  cent,  of  soda,  and  apparently  therefore  the  pumice  of  a  soda- 
felsite.  Comparing  the  analyses  of  the  recent  Red  Clay  with  those  of 
Barbadian  red  clays,  they  find  the  differences  to  be  such  as  would 
result  from  mixtures  of  the  palagonitic  earth  with  various  acid  and 
basic  pumices.  A  mixture  of  the  palagonitic  earth  with  the 
pumiceous  dust  which  iell  on   Barbados  in   1812  would  have  a 
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composition  olotely  corresponding  to  that  of  the  Ooeanio  Clay  of 
Barbados. 

The  recent  calcareoas  ooze  closely  resembles  the  more  oalcareous 
^  chalks  "  of  the  Barbadian  Oceanio  Series,  but  the  latter  contained 
much  colloid  silica  and  fine  clay.  The  differences  between  the 
analyses  of  the  recent  ooze  and  of  English  chalk,  when  certain 
allowances  are  made,  were  found  to  be  but  small.  The  recent 
calcareous  ooze  contained  many  more  GZo&i^ertna- tests  than  Tertiary 
or  Mesozoio  chalks,  but  it  is  suggested  that  this  is  due  to  our 
possessing  only  the  surface-layers  of  the  Qlobigerina-ooze. 

In  one  important  respect  aU  the  different  kinds  of  deposit  which 
were  examined  resembled  one  another,  namely,  in  the  infinitesimally 
small  quantity  of  quartz  which  they  contained. 

The  authors'  examination  of  the  recent  oceanic  deposits,  and 
a  comparison  of  them  with  the  raised  Barbadian  deposits,  only 
increased  their  conviction  that  the  latter  were  of  truly  oceanic 
origin. 


LOWER  GREENSAND  FOSSILS  IN  KENT. 

Sib, — I  am  indebted  to  Messrs.  Jukes-Browne,  Monckton,  and 
Leighton  for  calling  my  attention  to  an  unfortunate  omission  in 
Part  V.  of  the  paper  published  in  the  March  Number  of  the 
Geolooical  Maoazinb.  The  word  "  Eastern "  was  omitted  from 
before  England  in  line  22  from  top  of  page  101.  Six  times  on 
that  page  it  is  repeated  that  attention  is  being  restricted  to  the 
area  '*of  Guildford  and  Dorking,"  "the  line  between  Guildford 
and  Godstone,"  **  the  line  between  Guildford  and  Caterhain,"  **  the 
London  area  or  to  the  south  of  it,"  etc.  I  had  never  thought  of 
questioning  the  occurrence  of  Hoplites  interruptus  in  Wiltshire  or 
even  the  West  of  Surrey.  It  is  recorded  from  Devizes  in  the 
paper  of  Mr.  Jukes-Browne,  quoted  on  the  same  page;  good 
specimens  from  that  locality  are  exhibited  in  the  show-cases  both  at 
Jermyn  Street  and  in  the  British  Museum  (Natural  History).  That 
this  species  as  well  as  the  lower  Ac,  mammillare  should  reappear  to 
the  West  of  Guildford  area,  in  association  with  the  Lower  Green- 
sand  outliers,  appeared  inevitable. 

Mr.  Leighton  has  sent  me  four  fragments  of  an  Ammonite  from 
Westcott,  which  are  no  doubt  referable  to  Hoplites  iuterruptus.  Mr. 
Leighton  has  therefore  obtained  the  fossils  **  from  the  very  base  of 
the  Gault  in  Eastern  Surrey,"  without  which,  as  it  is  said  in  the 
paper,  "  no  final  answer  to  the  question  discussed  in  Part  V.  can 
be  given."  Mr.  Leighton  has  fortunately  found  there  a  nodule  bed 
at  the  base  of  the  Gault.  It  appears  to  be  at  the  very  base.  The 
Ac,  mammillare  zone  is  therefore  still  absent;  so  that  the  replacement 
or  thinning  out  of  the  mammillare  and  inter ruptus  zones  in  the  area 
of  London  and  to  the  south  of  it,  has  in  the  Dorking  district  only 
affected  the  former,  and  not  both  of  them.  Jf  the  mammillare  zone 
be  included  with  the  Gault,  as  seems  now  generally  agreed,  then  the 
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oonolosion  or  the  fiftli  part  of  (he  paper,  that  "  the  oommenoemeiit  of 
the  '  epoch '  of  the  Gault  is  i-epreeented  not  by  the  base  of  the  foeeil- 
iferons  olaje,  but  by  some  part  of  the  noa-foBeiliferoua  mndg  now 
inoluded  in  the  Lower  QreenBand,"  is  quite  valid.  Hr.  Leigfatoo's 
discovery  of  the  nodule  bed  at  Weatcott  proves,  however,  that  the 
•xtent  to  wbioh  this  is  the  case  was  exaggerated  in  the  paper. 
JfonA  U,  18B6.  J-  W.  QbtcoET. 

ON  FISITBS  BEXAGONUS,   CARRDTHEB8. 

SiB, — I  desire  to  oorrect  the  statement  in  the  foot-note,  relating  to 
my  paper  at  a  rooent  meeting  of  the  Qeologioal  Society,  referred  to  Oil 
page  102  of  Dr.  Gregory's  paper.'  I  said  at  the  meeting  that  the 
■peoinieo  bad  t>een  setit  to  Mr.  Carruthera  eome  months  before  for 
determination,  and  that  he  at  once  replied  (oa  May  25,  1894)  that  it 
appeared  to  agree  with  a  specimen  he  had  described  from  the 
Oaiilt  of  Eastware  Bay,  sent  to  him  by  Mr.  Starkie  Gardner,  but  if 
I  would  explain  the  esaot  horizon  of  Mr.  Mangles'  specimen  he  would 
look  further  into  the  matter.  That  I  did,  and  but  for  unforeseen 
oironmstances  Mr  Carrutbers'  note  would  have  been  in  the  bands  of 
tlie  meeting.  The  species  has  naf  yel  been  determined,  but  no  doubt 
it  is  one  of  those  which  have  been  recorded  from  the  QaulL 

I  think  it  is  a  pity  that  Dr.  Gregory  has  included  nnfossiliferoni 
beds,  about  which  we  have  no  relative  evidenoe,  in  the  table  on 
page  100  of  his  paper.  Of  course,  if  we  were  under  obligation  to 
divide  the  Lower  Greensand  into  divisions,  fossils  or  no  fossils,  the 
Burvey  classification  could  be  retained  by  simply  placing  the  Leith 
Hill  Cherts  and  Dorking  Clayey  Sandi,  into  which  they  pass,  in  the 
Sandgate  Beds.  As  to  the  latter  of  these  (the  Clayey  Sands),  this 
was  suggested  in  1892  bj  ProfeBsor  Boulger  and  myself,  and  two 
years  later  by  Mr.  F.  Chapman.  Were  it  necessary,  other  diffieulties 
Drought  out  by  detailed  mapping  oould  be  similarly  dealt  with. 
Looking  at  Dr.  Gregory's  table,  one  is  inoUned  to  enquire,  since  he 
deals  with  the  Leith  Hill  Cherts,  where  the  Beigate-Tilbnrstow  Hill 
Cherts  are  to  be  placed  ?  Thob.  Leiohtos. 

Xareh  &,  189S. 
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OAULT  AND  LOWER  GREENSAND. 
Sib, — Dr.  Gregory's  paper  on  some  fossils  from  the  Lower 
Greensand  of  Great  Chart,  in  Kent,  is  a  welcome  contribution  to 
the  classiGoation  of  the  Lower  Cretaceous  series  of  the  Wealden 
area.  His  views  with  regard  to  the  general  grouping  together  of 
the  Sandgate  Beds,  Bargate  Beds,  Fuller's  Earth,  and  Farringdon 
Beds  ooinoide  with  a  conclusion  I  caine  to  some  years  ago.  Hil 
■nbdiviaion  of  the  whole  aeries  into  three  instead  of  four,  and  his 
oorrclaliun  of  the  two  upper  groups — the  (1)  Folkestone  and 
"  adgftte,  and  (2)  the  Hythe  Beds — with  the  Aptian  of  the  oontinent, 
exactly  the  arrangement  I  suggested  in  this  Maqazimi  nine 
ago." 
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Whether  it  is  deiirable  to  introduce  the  term  Aptian  into  English 
Domenobitare  is  another  question,  into  which  I  forbear  from  entering. 
The  suggestion  that  some  part  of  the  Folkestone  sands  may  be 
equivalent  to  the  basal  part  of  the  Gkiult  made  by  my  friend 
Mr.  Strahan  in  the  Geological  Survey  Memoir  on  the  Isle  of  Wight, 
second  edition,  1889.  It  will  no  doubt  be  decided  by  future 
investigations,  but  1  must  be  allowed  to  point  out  that  it  stands  on 
very  different  ground  from  the  equivalency  of  the  Upper  Oault  and 
Upper  Greensand.  That  has  been  established  by  palaeontological 
evidenoe,  the  other  has  not 

One  more  word  as  a  caution,  and  this  is  that  the  numerous  zones 
into  which  the  Folkestone  Gault  has  been  divided  cannot  all  be 
recognized  elsewhere:  I  do  not  think  the  Lower  Ganlt  generally 
osn  be  divided  into  more  than  two  sones,  those  of  AmmontUi 
imierruptug  and  Amm,  lauiut.  A.  J.  Jukks-Bbowiib. 


JOHN    WHITAKER    HULKE,    F.R.S., 

President  of  the  Royal  College  of  Surgeons  of  England ;  Foreign  Secretary 

of  the  Geological  Society  of  London. 

Born  Novbmbeb  6th,  1830.  Died  February  19th,  1895. 

Geologists,  both  at  borne  and  abroad,  indeed,  men  of  science 
generally,  will  have  learned  with  deep  concern  of  the  death  of  Mr. 
J.  W.  Hulke,  the  Forei^i  Secretary  of  the  Geological  Society,  the 
President  of  the  Royal  College  of  Surgeons  of  England,  and  Senior 
Surgeon  to  the  Middlesex  Hospital. 

Viewed  as  a  surgeon,  Mr.  Hulke  had  a  career  of  singular 
distinction  as  well  as  of  wide  range.  But  he  was  also  a  most 
accomplished  geologist  and  palaM)ntologist.  He  was  a  learned 
Shakespearian;  also  an  excellent  linguiHt,  and  while  keeping  up 
a  more  than  ordinary  acquaintance  with  the  classics,  he  was  a  fluent 
and  accurate  French  and  German  scholar,  and  possessed  also  a 
knowledge  of  Italian.  He  was  a  first-rate  botanist,  both  in  the 
lecture-room  and  the  field,  as  may  be  seen  from  the  opening  hnlf 
of  the  Hunterian  Oration  this  year,  which  illness  prevented  him 
from  delivering.  He  was  an  excellent  diagrammatic  artist,  painted 
in  water-colours,  and  was  not  unskilled  in  modelling. 

John  Whitaker  Hulke  was  born  on  November  6th,  1830,  being 
the  elder  son  of  a  well-known  and  widely  respected  general 
practitioner  at  Deal.  The  original  family  name  was  Hulcher,  his 
ancestors  being  Dutch  by  origin,  who  had  escaped  from  Holland 
during  the  Spanish  persecutions  under  Philip  II.  and  Ferdinand, 
Buke  of  Alva,  and  settled  on  the  Kentish  coast.  There  for  sume 
two  hundred  years  they  have  followed  the  vocation  of  medicine. 
He  was  educated  at  King's  College  School,  and  at  Neuwied,  in 
Germany,  and  at  the  age  of  nineteen  entered  the  medical  school  of 
King's  College,  where  he  was  a  dresser  to  Mr.  (afterwards  Sir) 
William  Bowman,  and  house  surgeon  to  Sir  William  Fergusson. 
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It  wfi8  while  he  oocapisd  this  position  that  he  attended  the  Dnke 
of  Wellington  in  his  lost  illneH,  his  father  being  the  Duke'i  regular 
niedicol  attendant  and  ohtaining  leave  to  avail  himself  of  his  aon's 
aerrioes  as  aasiatant  In  1854,  when  the  Crimean  War  broke  out, 
he  was  early  to  volunleer,  and  at  the  beginning  of  1865  was 
appointed  assistant  sorgeon  to  the  British  Civil  Hospital  at  Smjma. 
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Thenoe  be  was  sent  to  Sebastopol,  and  in  that  awful  campaign  of 
irremediable  sickness,  gross  mismanagement,  and  gallantry  aa  oflen 
as  not  ineffective,  bore  liimaelf,  in  tlie  opinion  of  everyone,  with 
patient  courage  as  a  brave  soMler.  On  his  return  from  the  East  he 
became  medical  tutor  of  King's  College  Hospital,  and  having 
previously  been  elected  a  Fellow  of  the  Royal  College  of  Surgeons 
of  Eii^Ianil,  was  appointed  iti  1858  assistant  surgeon  to  Moorfields 
Hospital.  He  had  previously  been  elected  assistant  surgeon  to 
King's  College  Hospital,  where,  having  duly  served  his  allotted 
period,  he  was  appointed,  l^igether  wiih  Dr.  Charles  Murtliisoo, 
a  colleague  at  King's,  to  the  Middlesex  Hospital,  of  whioh  iiistitn- 
tion  be  wss  the  senior  surgeon  at  the  time  of  his  death. 

Mr.  Hulke's  earliest  mark  was  made  in  Ophthalnaolugy.  He 
obtained  the  Jacksonian  Prize  of  the  Eoyal  College  of  Sui^eons 
of  England  for  an  Essay  on  the  Morbid  Changes  of  the  Eatina ; 
his  Treatise  on  the  Use  of  the  Ophthalmosoope  {1861)  formed  an 
excellent  introduction  for  most  of  the  profession  to  the  new 
system  of  intra-ociilar  examination  ;  his  Arris  and  Gale  Leoturee 
delivered  before  the  Eoyal  College  of  Surgeons  of  England,  and 
subsequenlly  published,  dealt  with  the  Minute  Anatomy  of  the  Eye. 
Mr.  Hulke  was  made  a  Fellow  of  the  Eoyal  Society  in  1867,  in 
recognition  of  the  value  of  his  papers  on  the  Anatomy  of  the  Retina 
in  Amphibia  and  Reptiles,  Rut  although  so  highly  and  widely 
recognized  as  an  authority  on  the  eye,  Mr.  Hulke  was  no  lest 
esteemed  by  the  profession  aa  a  general  surgeon,  and  the  record  of 
bis  work  in  the  wards  of  Middlesex  Hospital  remains  a  monument  to 

from  the  Lanat  hj  peimiwioD.     We  iie  alio  indebted  to  tlu> 

the  gnatai  part  of  this  abiluarj  notice. — Edit.  Osol.  ilia. 
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his  skill  and  patienoe.  He  was  a  pioneer  in  oerebral  surgery,  though 
all  the  teaching  of  his  masters  must  haye  biassed  him  to  look  upon 
interferenoe  with  the  brain  as  a  very  serious  matter.  As  an  operator 
be  was  admirably  careful,  and  his  intimate  anatomical  knowledge 
ooanted  for  something  in  the  marked  caution  of  his  procedure.  As 
a  clinical  teacher  he  had  few,  if  any,  equals  in  London.  He  was 
lucid,  learned,  and  simple.  Where  a  point  required  exposition  he 
was  certain  to  know  eyerything  that  could  be  said,  but  he  was 
never  tempted  into  needless  display  of  erudition,  and  never  talked 
for  talking's  sake. 

We  have  briefly  referred  to  Mr.  Hulke's  knowledge  of  botany, 
hnt  his  position  as  a  geologist  merits  more  extended  mention  here. 
He  was  one  of  the  first  authorities  on  yertebrate  palseontology. 
Out  of  about  fifty  papers  which  he  contributed  to  scientific  societies 
thirty-three  relate  to  fossil  Reptilia.  Of  these  the  most  important 
are  on  J/ypiUophodon  Foseit,  from  the  Wealden  of  the  Isle  of  Wight 
(Quart.  Joum.  Geol.  Soc.  1873-74,  and  Phil.  Trans.  1882-83); 
PolaeanihM  Foxii,  Hulke  (Phil.  Trans.  1881-82)  ;  on  OmithopBU 
Seeleyi  (Quart  Joum.  Geol.  Soa  1879,  1882) ;  on  Dinosaurian 
remains  from  the  Eimeridge  Olay  of  NurthamptonRhire  (Quart. 
Journ.  Geol.  Soa  1887) ;  on  a  maxilla  of  young  Iguanodon  (Quart 
Journ.  Geol.  Soc.  1886);  the  shoulder-girdle  of  Ichthyosauria  and 
Pleniosaurta  and  Recent  contributions  to  the  nkeletal  anatomy  of 
tlie  Dinosaurs  (Presidential  Addresses  Geol.  Soc.  1883-84).  From 
1882  to  1884  he  was  President  of  the  Geological  Society  ;  in 
1887  he  received  the  Wollaston  gold  medal,  the  liigbest  award 
which  is  in  the  power  of  the  Society  to  bestow;  and  from  1890  to 
his  death  he  was  the  Society's  Foreign  Secretary.  He  has  left 
behind  him  a  large  collection  of  specimens,  mostly  obtained  with 
hi8  own  hands  from  the  Undercliff  in  the  Isle  of  Wight  Hih  col- 
lection has  just  been  presented  to  the  British  Museum  (Nat  Hist.) 
by  Mrs.  Hulke,  in  memory  of  her  husband. 

Few  men  have  held  more  official  posts  than  Mr.  Hulke.  At  the 
time  of  his  death  he  was  President  of  the  Clinical  Society  of  London. 
It  may  not  be  out  of  place  to  repeat  here  the  words  of  the  retiring 
President,  Sir  Dyce  Duckworth,  when  inducting  his  successor : 
"You  have  elected  to-night  as  my  successor  one  whom  we  all 
respect  and  acknowledge  as  a  master  of  the  surgical  art,  one  whose 
modesty,  rectitude,  and  fearlessness  are  only  equalled  by  his  skill 
and  kindness  of  heart.  Mr.  Hulke,  will,  I  feel  sure,  add  lustre  to 
the  post  he  comes  to  fill."  From  1886  to  1887  he  was  President  of 
the  Ophthalmological  Society,  and  he  had  also  been  President  of  the 
Pathological  Society  of  London,  and  had  been  for  many  years,  and 
was,  at  the  time  of  his  death,  librarian  to  the  Eoyal  Medical  and 
Chirurgical  Society.  He  was  elected  President  of  the  Royal  College 
of  Surgeons,  England,  in  1893,  in  succession  to  Mr.  Bryant  having 
been  a  Vice-President  from  1888.  He  was  a  member  of  the  Court 
of  Examiners  for  ten  years  from  1880.  His  greatest  work  in  con- 
nection with  the  Royal  College  of  Surgeons  was,  undoubtedly,  the 
formation  of  the  Research  Laboratory  of  the  Conjoint  Board.    T\\^ 
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saheme  for  this  was  Hr.  Hulke'a,  and  h«  wu  Chaimuui  of  the  Joint 
Laboratories  Committee  from  its  foandation.  Th«  work  that  has 
been  done  and  is  now  doing  there  speaks  saffldently  for  the  wisdom 
of  the  scheme.  At  the  Bojal  Sooiety,  of  which  he  waa  elected 
a  Fellow  in  1867,  he  served  on  the  Coundl  during  1879,  1880, 
1686,  and  1869;  and  waa  also  a  member  of  ihe  ScientiEo  Belief 
Committee.  His  oommunications  to  the  Transactions  of  the  Society 
were  numerous,  and  the  last  of  thera  was  read  before  the  Sooiet;  on 
Hay  12th,  1892— "  Oa  the  Shoulder-girdle  in  Ichtbyoasaria  and 
Sauropterygi«." 

His  strict  devotion  to  duty  was  no  doubt  answerable  for  his  dealli. 
He  took  no  holiday  during  the  past  year,  his  time  being  too  ocxtupied 
to  permit  him  to  do  so,  and  the  incessant  and  acute  strain  was 
telling  upon  him  at  Christmas.  This  much  he  admitted.  On  the 
night  of  Thursday,  Feb.  7lh,  a  terribly  bitter  night,  he  was 
summoned  to  the  hospital  to  operate  upon  a  oase  of  strangDlaled 
hernia,  from  whiob  he  did  not  return  until  3.30  a.m.  On  the 
following  day  be  had  a  little  bronchitis,  but  did  not  keep  his  bed. 
Indeed,  he  operated  on  Saturday  at  the  Hiddiesez  Hospital  on  a 
oa«e  of  oerebral  abscess,  and  went  to  Iha  wards  again  on  Sunday 
(Feb.  10th)  and  Monday  (Feb.  11th).  But  later  in  the  day  he  had 
to  recognize  that  he  was  seriously  ill,  and  the  bronchitis  increasing, 
pneumonia  supervened,  and  be  died  ou  Tuesday,  Feb.  19th,  about 
noon. 

"  His  life  ira>  gentle  ;    and  the  elementi 

So  mii'd  in  him,  that  Natnre  might  stand  up 

And  BAT  U}  "ll  thn  wnrM.  This  wnn  n  mnn  ^  '* 


He  ' 
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Jaubs  Adiy  Birds  whs  descended  from  an  old  Derbyshire  family, 
the  Birds  of  Locko,  Stantan  Hall,  and  Bakeweil,  Derbyshire.  He 
was  the  s»n  of  the  Rev.  W.  T.  Birds,  and  was  bom  November  9th, 
1631,  at  Preston  liectory,  Salop.  He  was  educated  at  Kugby,  and 
graduated  at  Christ  Church,  Oxford.  He  took  a  deep  interest  in 
geology,  was  a  careful  observer  of  geological  facte,  and  communi- 
cated several  papers  to  the  Gkolooical  Maoazimc  between  1866 
and  1881,  notably  on  "A  bed  of  Chalk-flints  near  Spa,  Belgium" 
(1866),  on  the  "  Post- Pliocene  formations  of  the  Isle  of  Man" 
(1875),  on  the  "Geology  of  the  Channel  Islands"  (1678),  "'Beekile' 
in  the  Channel  Islands"  (1879),  "Foreign  Pebbles  oa  oar  South 
Coast"  (1881),  etc. 

Birds  was  elected  a  Fellow  of  the  Geological  Society  in  1678. 
He  was  a  Kood  classical  scholar  and  linguist,  and  prepared  an 
English  rt!iidering  of  Goetbe'a  "Faust"  (published  by  Longmans 
'  ,two  vohimeBin  1860). 

le  formed  an  excellent  geological  oollection,  which  he  bequeathed 
_lhe  borough  of  Derby,  the  chief  town  of  the  county  where  bis 
loeators  liiui  eo  long  resided.     He  died  at  West  Bournemouth,  on 
'Pfloember  ISth,  ISSi,  in  hie  64th  year. 
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L — Notes  on  the  Geology  of  Mashonalamd  and  Matabeleland. 

By  J.  A.  Chalmers,  A.R.S.M.,  and  F.  H.  Hatch,  Ph.D.,  F.G.S. 

Intkoduotion. 

THE  history  of  the  Zambesian  territories  now  known  as 
"Rhodesia"  is  extremely  meagre.  Of  the  country  prior  to 
the  advent  of  the  Matabele  in  1838,  little  is  known,  except  from 
the  few  records,  chiefly  Portuguese,  that  have  been  preserved.  It 
should  be  mentioned,  however,  that  an  interesting  link  between 
the  Sofala  and  the  Zimbabwi  ruins  near  Victoria  exists  in  certain 
gold  tacks  or  rivets,  possibly  used  in  the  manufacture  of  gold 
oniaments,  which  have  been  found  in  both  these  places,  wliile 
we  believe  that  at  intervals  along  a  route  to  the  coast,  ruins  of 
towers  have  been  found,  that  in  all  probability  have  been  used 
as  stations  on  the  way. 

That  Zimbabwi,  near  Victoria,  and  similar  ruins  in  other  parts 
of  Central  South  Africa  are  relics  of  the  greatest  antiquity,  is 
generally  accepted,  and  it  is  also  probable  that  a  search  after  gold 
was  the  main  object  of  the  adventurous  and  enterprising  people, 
not  South  African,  who  were  in  possession.  The  massive  structure 
of  the  ruins,  laboriously  composed  of  regular  square  granite  blocks, 
not  much  larger  than  bricks,  together  with  the  general  design  and 
elaboration,  foreign  to  Negro  creations,  impress  one  with  the  idea 
that  a  masterful  invading  race  dominated  the  enslaved  abongines. 

One  portion  of  the  Zimbabwi  ruins  of  Victoria  was  probably 
a  temple,  the  other  a  stronghold  or  keep  such  as  might  have  been 
necessitated  by  the  partial  and  unstable  nature  of  the  sway  exercised 
by  the  invaders. 

It  is  probable  that  in  later  times,  even  within  the  last  century, 
the  Portuguese  had  settlements  in  Mashonaland,  and  that  they 
both  carried  on  mining  operations  themselves,  and  traded  for  gold 
won  by  the  natives.  In  the  north,  at  Tete,  on  the  Zambesi,  alluvial 
gold  can  still  be  purchased  from  the  natives.  The  gold  is  collected 
by  them  in  reeds. 
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The  later  facts  of  history  are  briefly  as  follows  : — Mosilakatse, 
driyen  from  the  Transvaal  by  the  Boers  in  1837,  crossed  the 
Limpopo,  and  by  dint  of  his  warlike  propensities,  and  the  valour 
of  his  Zulu  followers,  established  in  the  course  of  three  years  a 
mastery  over  the  greater  part  of  Central  South  Africa  between  the 
Limpopo  and  Zambesi  Hi  vers,  creating  the  Matabele  supremacy. 
This  supremacy  he  and  his  son  and  successor,  Lobengula,  main- 
tained until  the  series  of  events  following  the  formation  of  the 
British  South  African  Company  culminated  last  year  in  the 
Matabele  war,  the  overthrow  of  Lobengula,  and  the  occupation  of 
Matabeleland  by  the  adventurous  and  plucky  800  who  advanced 
to  Buluwayo. 

TOPOGRAPHIOAL     AND     PhTSIOAL     FeATUBES. 

Tlie  area  of  Matabeleland  and  Mashonaland,  now  consolidated,  is 
upwards  of  135,000  square  miles.  The  territory  has  no  seaboard. 
The  nearest  coast  is  that  of  Mozambique,  Sofala  being  about  108 
miles,  and  Beira  160  miles  from  the  border.  The  eastern  boundaiy 
as  regards  Portuguese  territory  has  not  yet  been  finally  agreed 
upon.  It  is  probable  that  it  will  be  about  the  33rd  degree  of  east 
longitude,  with  a  tongue  projecting  westward  to  include  Masse- 
Kesse  in  Mozambique.  Some  distance  south  of  Masse-Kesse  the 
boundary  trends  westward,  ending  about  the  intersection  of  the 
Limpopo  River  and  32  east  longitude.  The  western  boundary  of 
Matabeleland  proper  is  indefinite,  but  the  Chartered  Company's 
rights,  so  far  as  the  British  Government  is  concerned,  are  co- 
extensive with  the  British  sphere  of  influence,  between  the  Limpopo 
and  the  Zambesi,  exclusive  of  Bechuanaland,  reaching  as  far  as 
longitude  25  E.  The  backbone  or  "  hogs- back  "  of  the  country  is 
formed  by  an  irregular  belt  of  high  plateau  land,  or  high  "veldt" 
as  it  is  termed  in  South  Africa,  with  an  altitude  varying  from  3500 
to  5000  feet  This  belt,  embracing  the  most  salubrious  portions 
of  Matabeleland  and  Mashonaland,  stretches  from  south-west  of 
Buluwayo,  in  a  north-easterly  direction  to  Umtali  in  Mauicaland, 
passing  just  north  of  Victoria,  but  including  Salisbury.  It  forms 
the  main  divide  of  the  river  systems  of  the  country,  being  the 
source  of  the  tributaries  of  the  Limpopo  or  Crocodile  Kiver  and 
the  Sabi  River  on  the  south,  and  those  of  the  Zambesi  on  the  north. 

There  can  be  no  doubt  that  the  country  is  on  the  whole  well- 
watered  ;  and  although  many  of  the  smaller  streams  are  mainly 
replaced  by  broad  beds  of  sand  in  the  dry  season,  still  the  traveller 
can  scarcely  ever  be  said  to  suffer  from  scarcity  of  water,  either  for 
his  own  needs  or  for  his  cattle. 

Qbolooigal   Structure. 

That  the  physical  features  of  a  country  are  to  a  large  extent 
dent  on  the  geological  formations  which  compose  it,  is  no- 
better  illustrated  than  in  Mashonaland  and  Matabeleland.    The 
■trootoie  is  remarkable  for  its  uniformity  over  largo  areas; 
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in  like  manner  the  soeneiy  and  physioal  oharaoters  are  strikingly 
persistent  Sedimentary  deposits  are  of  rare  occurrence.  The  great 
balk  of  the  oountry  is  granite,  the  remainder  being  formed  chiefly 
of  metamorphio  rocks ;  the  whole  doubtless  constituting  a  portion 
of  that  ancient  floor  of  granite  and  metamorphio  rocks  that  else- 
where underlie  the  subsequent  sedimentary  or  igneous  accumula- 
tions. It  is  of  course  possible  that  this  vast  area  of  granite  and 
metamorphio  rocks  was  at  one  time  wholly  or  partially  covered 
by  detrital  deposits ;  but  if  so,  they  have  been  subsequently  denuded 
and  only  in  isolated  instances  do  any  traces  of  them  still  remain. 
Sandstone  deposits  with  workable  beds  of  coal  are  said  to  occur  near 
the  Zambesi,  north  of  Buluwayo.  Sandstones,  grits,  and  conglo- 
merates are  also  reported  to  occur  in  the  Victoria  district  but  under 
what  geological  conditions  we  are  unable  to  say.  In  any  case, 
however,  we  can  state  that  the  major  portion  of  the  surface  of  the 
country  is  underlaid  by  granite  rock  forming  broad  expanses  of  flat 
or  rolling  veldt,  from  which  rise  occasionally  huge  agglomerations 
of  immense  boulders  and  fantastically  shaped  kopjen,  the  home 
of  the  despised  Makalakas  and  Mashonas,  where  they  were  used 
to  seek  refuge  from  the  raids  of  the  Matabele.  At  intervals,  too, 
the  granite  rises  into  nigged  mountain  ranges  with  rude  broken 
outlines,  and  scored  and  scarped  bosses  of  bare  rock,  as  for  instance 
in  the  Matoppo  Hills,  south  of  Buluwayo. 

Turning  now  to  the  metamorphio  rocks  or  schists  which  constitute 
the  gold  belts  of  the  oountry,  we  find  them  occurring  as  broad 
bands  and  patches  in  the  granite.  In  passing  from  an  area  of 
granite  to  one  of  schist  the  traveller  is  struck  by  the  contrast 
presented  by  the  two  types  of  scenery.  The  country  loses  its  bare 
and  rugged  aspect ;  the  contours  become  soft  and  more  undulating 
or  even  hilly ;  the  soil,  hitherto  sandy  and  sterile,  becomes  clayey 
and  fertile;  the  hills  are  covered  with  trees,  and  give  rise  to 
numerous  streams ;  and  in  some  of  the  districts  (the  Seleukwe  and 
Victoria)  the  alternation  of  thickly  wooded  hills  with  fertile  valleys 
forms  scenery  that  would  be  noted  for  its  beauty  in  any  country. 
To  what  geological  conditions  may  these  differences  in  scenic  or 
physical  features  be  ascribed  ?  We  think  the  more  broken  character 
of  the  schist  country  is  due  to  the  variable  nature  of  the  component 
rocks,  and  to  the  fact  that  they  are  turned  up  on  edge,  rendering 
them  more  susceptible  to  the  attacking  forces  of  atmospheric 
disintegration. 

The  Origin  of  the  Gold  Belts. 

In  discussing  the  origin  of  the  auriferous  rocks,  a  series  of 
interesting  questions  present  themselves  for  solution. 

1.  What  is  the  geological  relation  of  the  schist  to  the  granite  ? 

2.  Why  are  the  auriferous  veins  chiefly  confined  to  the  schist 
belts  and  their  immediate  neighbourhood  ? 

3.  Is  there  any  community  in  origin  between  the  veins  and  the 
schists  ? 

We  will  endeavour  to  find  answers  to  these  questions.    ThA  tOQk.% 
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oomposing  the  metatnorphio  Beries  are  chiefly  chlorite  aod  horn- 
blende schists,  with  which  are  associated  epidiorites,  actinolite  rook, 
diabases,  dolerites,  and  other  basic  igneous  rocks.  The  intimate 
association  of  basic  igneous  rocks  with  the  schists  was  a  fact  we 
have  had  ample  opportunity  for  noting,  and  our  observations  lead  to 
the  conclusion  that  the  schists  have  been  derived  in  great  measure 
from  those  rocks,  and  that  their  foliated  or  schistose  structure  has 
been  produced  by  a  mechanical  process  analogous  to  **  shearing " 
and  referable  to  certain  movements  of  the  earth's  crust  along  zones 
of  fracture  or  weakness.^ 

The  sequence  of  events  in  the  formation  of  the  schists  would  be 
somewhat  as  follows : — The  granite  crust  acted  upon  by  enormous 
lateral  pressure  and  tension  produced  by  shrinkage,  folding,  and 
rucking  would  tend  to  develop  main  lines  or  zones  of  strain, 
weakness,  and  fracture,  through  which  the  molten  basic  magmas 
hitherto  pent  up  within  the  earth's  crust  would  be  forced  up  to  form 
dykes  and  intrusive  masses  of  igneous  rock  along  these  zones.  The 
earth-movements,  continuing  along  the  main  lines  of  fracture,  would 
effect  the  mechanical  metamorphism  of  these  rocks  to  schist,  and 
perhaps  simultaneously  cause  the  formation  of  open  fissures;  and 
these,  offering  a  free  passage  to  mineralizing  solutions,  would  give 
rise  to  the  quartz  lodes  that  form  the  auriferous  deposits  of  the 
country.  It  is  reasonable  to  suppose  that  a  portion  of  the  granite 
would  also  be  involved  in  the  zone  of  movement ;  and  indeed  we  find 
evidence  of  this  in  the  fact  that  gneiss  or  foliated  granite  is 
generally  found  on  the  margin  of  a  schist  belt  or  within  the  belt 
itself. 

Transitions  from  an  unaltered  igneous  rock  to  a  highly  foliated 
unctuous  schist  are  clearly  discernible  in  many  parts  of  the  gold 
belt.  The  minute  structural  and  mineralogical  changes  involved  in 
the  transition  can  be  best  studied  with  the  aid  of  a  microscope. 
Starting,  say,  with  a  dolerite  or  diabase,  the  gradation  of  change 
will  be  roughly  as  follows  : — Dolerite  being  a  rock  composed  of 
plagioclase  felspar  and  augite,  the  first  step  is  the  conversion  of  the 
augite  to  hornblende.  This  is  one  of  the  most  common  changes 
in  the  whole  range  of  petrology.  Augite  and  hornblende  are 
practically  identical  in  chemical  composition,  but  have  a  different 
crystalline  structure.  Hornblende  is,  however,  more  stable  than 
augite  at  ordinary  temperatures;  consequently  the  first  results  of 
molecular  rearrangement  in  rocks  containing  augite  is  the  para- 
morphism  of  that  mineral  to  hornblende.  The  rock  produced  by 
this  joint  change  consists  therefore  of  plagioclase  felspar  and 
secondary  hornblende,  and  is  known  as  an  epidiorite. 

The  next  change  is  a  breaking  down  of  the  felspar,  producing 
a  granular  aggregate  of  quartz  and  reconstructed  felspar,  and  a 
rolling  out  of  the  hornblende  into  ribbons  or  folds.  This  process, 
known  as  foliation,  produces  a  hornblende  schist.  The  meta- 
bism  progressing,  the  hornblende  becomes  replaced  by  chlorite, 

*  SeeW.  Gibson,  Quart.  Joum.  Geol.  Soc.,  vol.  xlviii,  p.  404 ;  also  A.  R.  Sawyer, 
'     WL  1,  p.  144. 
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^d  the  rook  is  sheared  into  the  highly  foliated  and  unotuous  slaty 
^k  known  as  chlorite  schist. 

A  simiUr  process  of  metamorphism  acting  in  acid  igneous  rocks, 
giVes  rise  to  sericitic  (mica)  schist,  but  these  are  of  much  rarer 
occurrence  than  the  basic  schists  in  the  gold  belts  of  Mashonaland. 
It  is  in  the  regions  of  most  intense  metamorphism  that  the  veins 
oocnr.  In  the  great  majority  of  cases,  therefore,  the  country  rook 
of  the  lode  is  chlorite  schist.  In  a  few  cases  the  veins  occur  in 
gneiss,  hot  we  are  not  aware  of  |tny  instance  in  Mashonaland  or 
Matabeleland  of  a  lode  having  been  found  in  the  granite. 

We  are  now  in  a  better  position  to  answer  the  questions  previously 
stated. 

1.  The  relation  of  the  schists  to  the  granite  is  probably  one  of 
original  intrusion  in  the  form  of  basic  igneous  rock,  and  not  of 
deposition  of  sedimentary  beds  on  the  top  of  a  granite  floor. 

2  and  3.  The  auriferous  veins  are  chiefly  found  in  the  schist 
belts  or  their  immediate  neighbourhood,  because  they  owe  their 
origin  to  a  sequence  of  dynamic  phenomena  intimately  connected 
with  those  that  gave  rise  to  the  schists  themselves. 

A  corollary  of  great  importance  for  the  future  of  the  Mashonaland 
gold-fields  can  be  deduced  from  the  foregoing,  namely:  That  the 
schist  belts  are  continuous  in  depth,  and  are  not  liable  to  be  cut  off 
by  the  granite,  as  has  been  maintained  on  the  assumption  that  they 
were  sedimentary  deposits  resting  on  a  granite  floor. 

Gold-bearing  Districts. 

There  is  a  rude  parallelism  in  the  direction  of  the  schist  belts, 
their  trend  being  roughly  east  and  west  across  Matabeleland  and 
the  southern  portion  of  Mashonaland ;  and  it  is  an  interesting  fact 
that  similar  schist  belts  (also  auriferous),  occurring  in  Zoutspanherg, 
have  the  same  general  trend.  Travelling  up  from  Tuli  to  Buluwayo, 
three  belts  of  schist  are  traversed.  The  first  is  encountered  some 
45  miles  north  of  Tuli;  it  is  a  small  strip  of  metamorphic  rock 
three  to  five  miles  wide.  The  next  is  the  newly-discoverecl  Gwanda 
belt  lying  60  to  70  miles  south  of  Buluwayo.  This  is  a  fairly  broad 
belt,  being  8  to  10  miles  in  width,  while  westward  it  trends  towards 
the  Tati  gold-fields,  and  eastward  it  probably  connects  with  the 
belt  known  as  the  Naka  pass.  Schists  also  occur  for  some  20  miles 
soQth  of  Buluwayo,  and  it  appears  probable  that  belts  trending 
to  the  coast  connect  with  the  Victoria  gold-fields.  Travelling 
eastwards  from  Buluwayo  several  regions  of  metamorphic  rocks  are 
])assed,  the  most  important  being  those  of  Bembise,  Shangani, 
Seleukwe,  Gwailo,  eta  The  principal  districts  visited  by  us  are  the 
Mazoe,  the  Umfuli,  Victoria,  Umtali,  Mogundi,  and  the  Seleukwe. 

The  camp  of  the  Mining  Commissioner  of  the  Mazoe  district  is 
about  27  miles  north  of  Salisbury.  The  limits  of  the  metamorphic 
area  round  the  upper  Mazoe  are  in  no  direction  well  defined. 
Southwards  the  geological  features  of  the  country  are  to  a  great 
extent  obscured  by  a  heavy  surface  wash,  but  it  seems  very  probable 
that  between  the  Mazoe  and  Salisbury  there  is  a  contiuaou^  ^cUUt 
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and  slate  formation,  and  that  the  Mazoe  and  Salisbnry  diatrictB  are 
practically  one.  Eastwards  of  the  Cotnmissioner'B  camp  there  are 
at  least  five  or  six  miles  of  schists  and  gi-eenstones,  while  westward 
the  schists  extend  for  about  ten  to  twelve  miles  without  intermption. 
To  the  north-east  along  the  Mazoe  river  for  about  80  or  40  miles 
a  number  of  claims  were  marked  out  in  the  early  part  of  1891. 
Most  of  these,  however,  have  since  been  abandoned,  and  little 
further  prospecting  has  been  done  in  that  direction.  The  whole 
Mazoe  district  from  a  few  miles^  north  of  Mount  Hampden,  which 
is  twelve  miles  from  Salisbury,  is  broken  and  hilly,  varied  by 
stretches  of  flat  pasture  land  and  swamps  along  the  river  sides. 
The  direction  of  the  hill  ranges  is,  roughly  speaking,  north-east  and 
south-west,  but  the  numerous  spurs  and  frequent  branching  off  of 
one  range  into  another  make  any  detailed  description  of  the  contour 
of  the  country  as  impossible  as  it  would  be  uninteresting.  Many  of 
the  veins  in  the  Mazoe  district  traverse  igneous  rocks.  The  Vesuvius 
Beef  is  a  dark  bluish  quartz,  separated  by  from  one  to  two  feet 
of  clay  selvage  from  the  country  rock,  which  may  be  called  felspar 
porphyrite.  The  Alice  Reef  occurs  in  a  coarse  be^ic  crystalline  rock, 
the  immediate  wall  of  the  vein  being  altered  so  as  to  present  a 
schistose  structure.  Other  veins  occur  in  chloritic  and  other  schists, 
and  appear  in  the  majority  of  cases  to  follow  the  foliations  of  the 
country  rock. 

In  this  connection  we  would  remark,  as  it  may  give  rise  to  some 
discussion  on  the  vexed  question  of  classification,  that  we  do  not 
consider  that  the  fact  of  a  vein  following  the  general  direction 
of  foliation  of  the  country  rock,  militates  against  the  existence 
of  a  true  fissure,  or  argues  any  lack  of  permanency  of  the  vein 
in  depth. 

What  is  known  as  the  Urafuli  district  comprises  a  number  of 
smaller  tracts  in  the  neighbourhood  of  the  Umfuli  River  in  Ma- 
shonaland.  The  intervening  country  may  yet  in  parts  be  proved 
to  be  auriferous. 

The  Hartley  district  extends  about  11  miles  from  the  Umfuli 
along  a  fiat  stretch  of  country,  uninterrupted  save  by  the  two 
or  three  granite  kopjes  known  as  the  Hartley  Hills.  The  eastern 
portion  of  the  district,  including  several  of  the  best  known  reefs, 
is  granitic  and  gneissose.  Westwards  on  both  sides  of  the  Umfuli, 
gneiss  gives  place  to  schists  and  clay  slate. 

Concession  Hill,  where  developing  operations  are  now  being 
carried  on,  lies  16  miles  west-south-west  of  Hartley.  The  central 
ridge  of  this  and  the  adjoining  Duchess  Hill  is  a  body  of  chert  and 
jasper,  40  to  50  feet  thick  on  Duchess  Hill,  and  reaching  100  feet 
or  more  on  Concession  Hill.  Parallel  bands  of  the  same  rocks  are 
found  along  the  fianks  of  the  hills,  alternating  with  chloritic  schists 
and  slates.  The  formation  dips  south-west  at  an  angle  of  more  than 
70  degrees.  In  the  Duchess  Hill,  where  a  shaft  has  been  sunk 
100  feet  and  cross-cuts  driven,  gold  is  found  to  occur  in  the  chert 
bands  chiefly  in  the  form  of  thin  scales  or  flakes ;  and  similarly 
in  Concession  HiU,  though  here  the  gold  is  associated  more  with 


JfeMTt.  Chalmen  ^  Hdie^^Mashanaland  Sf  Matabekland.      199 

quartz  and  bighlj  forruginons  veinstaff.  Maoh  of  the  gold  in  the 
Conoeflsion  Hill  deposit  is  visible  to  the  naked  eye,  oocurring  in 
a  kind  of  arboiesoent  orystalline  form  resembling  a  pattern  of  sea- 
weed. On  the  south-west  side  of  the  hill  there  is  an  old  stope  from 
2  to  5  feet  wide  and  reaching  a  depth  of  50  feet  in  hard  rook.  In 
this  stope  an  iron  pick  was  found  in  snoh  good  preservation  that 
it  hardly  seems  likely  that  the  working  is  of  very  ancient  date,  and 
the  same  may  be  said  in  other  oases  in  which  timbers  showing 
but  little  decay  have  been  found  at  depths  of  30  to  40  feet,  or  where 
waste  dumps  ooonr  neither  ovei^grown  nor  to  any  extent  mixed 
with  soil. 

Speaking  generally  of  old  workings  in  Bhodesia,  the  general 
impression  of  those  who  have  studied  them  is  that  they  can  be 
assigned  to  no  one  period;  some  say  there  were  three  distinct 
periods,  but  there  seems  to  be  little  evidence  for  so  precise  a  con- 
clusion. We  saw  no  old  shafts  near  the  workings  on  Oonoession 
Hill.  It  seems  probable  to  us  that  in  many  oases  the  old  miners 
did  not  hoist  mineral,  but  carried  it  up  inclined  foot-roads,  along  the 
strike  of  the  veins,  as  is  done  in  Mexico  and  other  less  advanced 
mining  countries  to  this  day. 

llie  town  of  Victoria  is  on  the  Pioneer  Road  from  Tuli  to 
Salisbury  and  about  180  miles  south  of  the  capital.  The  new 
township  is  rather  more  than  a  mile  outside  the  actual  gold  belt, 
being  in  the  granite  country  lying  to  the  north.  The  average  width 
of  the  schist  formation  may  be  taken  roughly  as  between  10  and  11 
miles.  The  greatest  breadth  is  from  Victoria  towards  Fern  Spruit 
and  the  Tokwe  River,  where  it  reaches  a  breadth  of  20  miles.  The 
belt  extends  probably,  as  already  stated,  as  far  as  Buluwayo  in 
Matabeleland.  It  has  certainly  been  traced  from  the  western 
boundary  of  Masbonaland  some  70  miles  eastwards  beyond  the 
Umbel  ique  River,  and  there  seems  little  doubt  that  it  continues 
to  the  Sabi  River,  if  not  further.  The  main  body  consists  of 
chlorite  and  hornblende  schists,  together  with  diabasio  and  horn- 
blendic  igneous  rocks.  Talcose  schist  and  steatite  also  occur,  and 
towards  the  Tokwe  River  strongly  foliated  gneisses  are  found.  The 
general  dip  of  the  foliation  is  southerly,  the  strike  being  east  and 
west  Mr.  Wybergh  has  favoured  us  with  the  following  section 
across  the  belt  from  Victoria  to  Zimbabwi,  a  distance  of  15  miles. 
First,  a  small  band  of  chlorite  and  talc  schists  with  beds  of  steatite 
is  crossed.  Then  follows  a  small  bed  of  ironstone  and  quartzite, 
succeeded  by  three  miles  of  decomposed  schists.  Beyond  this  the 
formation  is  described  as  sandy,  massive  beds  of  sandstone 
occurring  with  seams  of  conglomerate  (at  Willoughby's  Camp). 
The  district  generally  is  hilly,  in  parts  mountainous,  and  is  on  the 
whole  well  covered  with  bush  and  well  watered. 

Umtali  lies  south-east  of  Salisbury,  from  which  it  is  distant  about 
140  miles  by  road.  From  Chimoio,  the  present  railway  terminus, 
it  is  distant  55  miles,  and'  from  Beira  200  miles.  The  schists  of 
the  auriferous  belt  have  been  traced  from  Mozambique  westwards 
to  beyond  the  Odzi  River,  say  35  miles  west  of  UmtalL    The  width 
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of  the  belt  varies  from  one  to  two  miles  at  the  western  end,  to  ten 
in  the  eastern  portion.  The  chief  interest  in  the  district  centres 
in  the  Penhalonga  Range,  a  sharp  ridge  commencing  a  few  miles 
east  of  Umtali,  and  extending  six  or  seven  miles  towards  Masse-Eesse. 
The  backbone  of  the  ridge  is  a  bed  of  hard  banded  quartz  rock  and 
ironstone,  the  formation  of  the  range  gradually  consisting  of  various 
metamorphic  schists;  in  places  sott  talcose  steatitic  and  chloritio 
varieties  prevail,  while  in  other  parts  a  harder  quartz- fel spathic  type 
occurs.  Just  west  of  the  highest  point  of  the  ridge  (the  Crow's 
Nest)  the  formation  is  broken  through  by  a  belt  of  igneous  rock 
(diabase  or  dolerite)  which  fonns  a  cross  spur  oonstituting  the 
divide  or  watershed  between  the  Revue  and  Uratali  Rivers,  on  the 
north  side  of  the  ridge,  and  giving  rise  to  the  Zambesi  on  the  south 
side.  The  principal  reefs  of  the  district  are  the  Rezendi  and 
Penhalonga,  the  latter  famous  on  account  of  the  deposits  of 
chromate  of  lead  in  brilliant  red  crystals,  which  characterize  the 
best  portions  of  the  reef.  The  Umtali  district  is  among  the 
healthiest  as  well  as  one  of  the  most  beautiful  parts  of  Mashonaland. 

One  of  the  properties  of  the  Victoria  District  Oold  Mining 
Company  is  situated  on  Yiotoria  Creek,  about  twelve  miles  south 
of  Victoria.  The  vein  strikes  N.N.E.  and  S.S.W.,  dipping  at 
86  degrees  to  45  degrees  to  the  W.N.W.,  which  is  opposed  to  the 
dip  of  the  schist  foliation,  which  is  about  50  degrees  east.  The 
walls  of  the  vein  are  formed  by  chlorite  schist,  a  rock  of  wide 
occurrence  in  the  district  The  vein  sheet  is  of  irregular  or 
lenticular  character,  varying  considerably  in  width  in  different 
places.  The  mineralized  portion  of  the  vein  consists  of  a  band  of 
dark -coloured  quartz,  brown  in  the  oxidized  and  hydrated  portions, 
but  elsewhere  grey.  The  colour  is  due  to  the  presence  of  iron 
in  various  combinations,  hematite  and  limonite  being  the  minerals 
of  greatest  influence  in  the  colouration  of  the  quartz.  Besides 
these  minerals  there  are  also  present  iron-pyrites,  copper-pyrites, 
malachite,  azurite,  and  gold.  The  pay  band  varies  from  four  to 
five  feet  down  to  a  few  inches.  It  is  easily  distinguished  from 
the  unpayable  quartz  by  the  dififerenoe  in  colour,  the  latter 
being  white.  The  mine  has  been  opened  by  a  main  incline  shaft 
down  130  feet,  from  which  drifts  have  been  carried  on  the  bB  and 
115  feet  levels;  drifting  on  the  first  level  amounts  to  400  feet, 
and  on  the  second  to  106  feet 

The  Cambrian  Reef  is  situated  in  the  eastern  portion  of  the 
Victoria  gold  belt,  about  50  miles  from  Victoria,  and  close  to  the 
Sliashi  River.  The  reef  consists  of  a  quartz  vein  in  gneiss  formation, 
which  towards  the  Shashi  changes  to  hornblende  schist  and  basic 
igneous  rocks.  The  strike  of  the  vein  is  parallel  to  the  foliation 
of  the  gneiss,  viz.  S.E.  and  N.W.  It  dips  at  a  high  angle  to  the 
N.E.  The  outcrop  is  bold,  forming  a  rocky  kopje  apparently 
indicating  a  reef  of  considerable  breadth.  There  is  little  doubt, 
however,  that  the  apparent  size  of  the  outcrop  is  increased  by  the 
reef  having  fallen  over,  away  from  the  dip  side,  as  erosion  of  the 
country  rock  proceeded.     The  vein-filling  material  is  mainly  white 
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qnarte,  but  there  are  also  seams  of  dark  grey  and  brown  quartz 
l*he  oolonred  qoartz  owes  its  colour  to  the  presence  of  iron  minerali 
and  indioates  a  greater  amount  of  mineralization  than  the  whit< 
portions.  The  gold  ooours  mainly  in  patches,  chambers,  pockets 
and  creTioes  in  the  reef,  and  many  good  specimens  of  "Tisible' 
metal  can  easily  be  obtained  by,  a  little  search. 

The  Dunraven  property  in  the  Seleukwe  district  contains  i 
number  of  quartz  lodes,  some  of  which  are  roughly  parallel 
others  intersecting  to  form  a  network  of  veins.  The  working 
are  approached  by  an  adit  run  in  from  the  side  of  the  hill ;  above 
on  the  hill  side,  are  some  extensive  old  workings.  Several  reefi 
of  considerable  dimensions  have  been  discovered  in  the  adit,  anc 
these  are  now  being  driven  on.  The  gold  is  free  and  is  associate! 
with  the  usual  iron  and  copper  minerals. 

The  Inez  Reef  in  the  Mombi  district  is  one  of  the  best  known  ii 
the  country.  It  is  traceable  at  or  near  the  surface  for  a  distance  o 
a  mile  or  two,  striking  N.W.  and  S.E.,  and  dipping  S.W.  The  bes 
part  of  the  reef  is  a  shoot,  extending  100  feet  along  the  strike,  an< 
to  the  greatest  depth  yet  attained,  viz.  about  90  feet  The  averag< 
width  of  reef  here  is  6^  feet,  with  a  grade  of  probably  nearly 
1^  ozs.  per  ton  (by  fire  assay).  A  crushing  of  40  tons  from  thi 
best  part  of  the  reef  yielded  G8  ozs.  on  the  plates — 34  dwts.  per  ton 
The  quartz  is  compact  with  for  the  most  part  little  mineral,  the  goh 
being  fine  and  apparently  evenly  disseminated.  Near  the  hanging 
wall,  however,  there  is  sometimes  a  vein  from  2.i  to  14  feet  ii 
thickness,  heavily  charged  with  antimonite,  and  antimony  ochre 
the  sulphide  is  massive  and  almost  pure.  The  hanging  wall  of  th< 
reef  is  chloritic  schist.  The  footwall  is  metamorphic,  but  of  mor 
obscure  character ;  the  rock  is  often  granular  in  texture  and  contain 
secondary  calcite. 

The  Camperdown  property  is  in  the  Seleukwe  district,  Matabele 
land,  llie  particular  hill  on  which  the  property  is  situated  i 
composed  chiefly  of  banded  chert  and  ironstone,  similar  to  Con 
cession  and  Duchess  Hills.  Interbanded  with  the  country  are  vein 
or  seams  containing  sugary  quartz  and  iron  oxides,  which  carr 
gold,  and  have  been  worked  by  the  ancients  through  numerous  pit 
and  burrows  on  the  rabbit-warren  method.  It  is  probuble  that  i 
number  of  different  seams  have  been  worked  at  shallow  depths,  th( 
workings  extending  promiscuously  along  and  down  the  hill  side 
Another  class  of  deposit  on  the  Camperdown  is  the  fissure  vein 
with  very  high  dip.  In  one  part  of  the  hill  it  would  appear  as  i 
both  kinds  of  deposits  had  been  worked  together.  A  long  vertioa 
Btope  can  be  seen  with  traces  of  quartz  on  the  walls,  which  at  on< 
point  is  enlarged  into  a  shaft  about  15  to  20  feet  deep  to  tap  one  o 
the  flat-lying  interbanded  deposits. 

Near  the  Camperdown,  as  in  fact  in  all  the  gold  districts  of  th< 
country,  are  to  be  seen  the  stones  used  by  the  ancients  for  grinding 
quartz.  They  are  generally  blocks  of  the  harder  varieties  of  rocks 
from  20  to  100  lbs.  in  weight,  with  shallow  depressions  worn  int( 
the  upper  face.  Sometimes  near  a  river,  mortars  can  be  seen 
hollowed  out  of  the  solid  rock. 
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Since  the  reoent  re-disoovery  of  the  Aynhire  Beef,  it  has  been 
prospected  by  four  or  five  shafts  at  irregolar  intervals  along  the 
strike.  The  first  shaft  was  put  down  through  an  old  working  and 
into  solid  rock  to  a  depth  of  45  feet  from  the  present  sorfi&oe,  or  to  a 
total  depth  of  about  60  feet  below  the  normal  surface  of  the  country. 
This  shaft  has  now  fallen  in,  but  a  new  one  has  been  sunk  along- 
side of  it  to  a  depth  of  55  feet.  The  second  shaft  was  sunk  in  a 
vein  of  felspar  which  eventually  dipped  out  southwards,  but  was 
intersected  by  a  cross-cut  at  55.  On  each  side  of  the  felspar  vein  is 
diorite  very  rich  in  gold ;  it  assays  from  2  to  20  ozs.  and  even  in 
parts  160  ozs.  to  the  ton.  This  remarkable,  if  not  unique,  occurrence 
of  gold  was  made  the  subject  of  a  communication  to  the  Greological 
Society  by  Mr.  Alford  last  year.'  He  had  sections  cut,  and  states 
that  the  reef  was  in  a  quartz-diorite.  In  another  shaft,  1000  feet 
from  the  first,  the  diorite  is  again  exposed,  but  prospecting  had  not 
been  carried  far  enough  when  we  visited  the  property  to  prove  the 
extent  of  the  deposit  A  general  sample  taken  across  the  bottom  of 
the  shaft  assayed  11  dwts.  Since  then  a  cross-cut  has  been  driven 
to  the  felspar  vein  which  outcrops  in  the  old  working  in  which  the 
shaft  was  sunk,  and  the  report  is  that  the  diorite  has  here  again 
proved  extremely  rich.  The  reef  seems  to  be  a  dyke  of  diorite 
traversing  the  granite  or  gneiss,  which  is  the  predominating  country 
rock,  in  an  easterly  and  westerly  direction.  The  width  of  the 
diorite  is  nowhere  proved,  nor  even  the  extent  to  which  it  is 
auriferous.  It  would  appear  that  the  gold,  more  or  less,  hugs  the 
felspar  vein,  occurring  on  either  side  of  it  The  felspar  vein  is 
found  throughout  the  length  of  the  workings:  apparently  one 
persistent  vein  which  would  in  this  case  be  a  valuable  index  to 
the  best  part  of  the  deposit  The  felspar  contains  only  traces  of 
gold. 

Alluvial  Deposits. 

With  regard  to  alluvial  deposits  we  are  permitted  to  quote  from 
Mr.  Hammond's  Keport  to  the  Chartered  Co.  that  ''  As  far  as  my 
examination  extends  I  could  see  no  evidence  of  alluvial  or  placer 
deposits ;  in  fact  the  topographical  character  of  the  country  visited 
by  me  is  such  as  to  almost  preclude  the  possibility  of  the  occurrence 
of  alluvial  deposits  of  any  extent  or  importance.  This  statement 
refers  to  those  portions  of  Mashonaland  and  Matabeleland  which 
I  examined.  In  Manicaland  the  topographical  conditions  are 
different,  favouring  the  occurrence  of  auriferous  alluvial  deposits 
of  limited  extent.  I  saw  some  of  those  deposits  which  had  been 
worked  by  the  ancients.  The  probability  is  that  such  deposits  as 
have  occurred  have  been,  for  the  greater  part,  already  worked  out" 

Conclusions. 

Prospecting  in  Hhodesia  is  made  easy  for  the  present  generation, 
for,  with  the  rather  remarkable  exception  of  the  Victoria  district, 
practically  all  the  known  mineral  areas  of  the  country  show  evidence 

*  Quart.  Joum.  Geol.  Soc.  toI.  1,  p.  8  (Proc.). 
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of  having  been  the  field  of  former  mining  operations.  Probably 
90  per  cent  of  the  reefs  known  at  the  present  day  have  been 
previously  exploited  at  one  time  or  another;  that  the  Victoria 
gold  belt  should  be  an  exception  is  remarkable,  lying  as  it  does 
in  close  proximity  to  the  best  known  and  most  extensive  ruins  in 
the  country.  The  fact  seems,  in  the  absence  of  explanation,  rather 
to  go  against  the  generally  accepted  theories  with  regard  to 
Zimbabwi  and  gold-mining;  or,  as  has  been  suggested,  with,  to 
our  mind,  small  ground,  it  may  be  that  old  workings  exist  in  the 
district,  that  are  now  filled  up  and  have  been  concealed  by  natural 
agencies. 

The  general  method  of  prospecting  in  a  new  district  is  to  get 
hold  of  the  natives  in  the  neighbourhood,  and  by  practical  per- 
suasive arts,  in  which  beads  and  salt  play  an  important  part,  to 
make  them  act  as  guides  to  the  holes  and  depressions  that  mark  the 
position  of  old  workings.  Sometimes  an  outcrop  has  been  left,  but 
more  often  the  old  workings  are  the  only  indication  remaining. 
Having  pegged  off  a  line  of  old  holes  and  as  much  of  the  extension 
as  he  feels  inclined  to  incorporate  with  it,  the  intelligent  prospector 
proceeds  by  panning  from  the  old  dumps  and  loose  quarts  lying 
about,  and,  by  a  critical  examination  into  the  relative  sizes  and 
depths  of  the  overgrown  holes,  to  select  a  site  for  his  shaft.  The 
object  naturally  is  to  strike  the  reef  where,  from  the  evidence  at 
hand,  it  is  likely  to  present  a  good  section,  and  in  this  the  prospector 
is  so  often  successful  that  if  such  first  strikes  could  l)e  taken  as 
a  gauge  of  the  average  grade  of  the  reefs,  there  could  be  no  doubt 
whatever  of  immense  future  prosperity  to  the  mining  industry  of 
Hhodesia. 

While  the  majority  of  reefs  pegged  in  the  country  will  probably 
never  yield  one  sovereign  for  two  that  are  sunk  in  them,  it  would 
be  extraordinary  indeed,  considering  the  great  number  of  reefs 
proved  to  exist,  if  there  were  not  some  prizes  in  the  lottery.  They 
may  be  few  and  big,  or  few  and  mediocre,  or  they  may  be  many, 
but  to  condemn  or  extol  the  country,  as  a  whole,  in  its  present  sbige 
of  development,  would  be  in  our  minds  rash  and  prejudiced.  Given 
a  proper  discrimination  in  the  selection  of  properties,  and  the  exercise 
of  judgment  in  the  expenditure  of  capital,  the  country  certainly 
commends  itself  to  the  attention  of  capitalists. 

The  immediate  future  of  mining  in  Khodesia,  and  in  fact  the 
immediate  future  of  Rhodesia  itself,  depend  almost  entirely  on  the 
success  of  gold-mining.  Silver  is  of  comparatively  small  importance. 
We  say  the  immediate  future,  for,  whatever  the  mineral  prospects 
of  Southern  Zambesia  may  be.  we  have  small  doubt  that  in  the 
course  of  a  few  decades,  possibly  half  a  century,  the  country  will, 
with  its  healthy  and  fertile  uplands,  support  a  considerable  popula- 
tion oil  its  pastoral  and  agricultural  merits  alone. 


204  A*  Smith  Woodward — On  a  lAame  Fish. 

II. — On  thb  Liassio  Fish  Ostborachis  macbocbpbalus. 

By  Akthub  Smith  Woodwabd,  F.L.8.,  F.6.S., 
Of  the  British  Museum  (Natural  History). 

(PLATE  VII,»  Fig.  10.) 

AMONG  the  fishes  of  the  Lower  Lias  of  Lyme  Begis,  Dorsetshire, 
described  by  Egerton  from  imperfect  evidence,  is  the  genus 
OateorachUj  \rith  the  single  species,  0.  macroeephaltu,*  The  original 
description  and  figure  are  so  unsatisfactory  that  nothing  beyond  the 
name  of  the  fish  is  quoted  even  in  ZittePs  **  Handbuch "  (vol.  iii, 
p.  230),  while  this  bears  an  appended  query;  and  the  author's  definition 
of  the  genus  is  certainly  much  too  vague  to  admit  of  any  precise  deter- 
mination of  it«  systematic  relationships.  Under  these  circumstances 
it  is  of  interest  to  return  to  a  consideration  of  the  fish  in  the  light  of 
more  recently  discovered  specimens,  which  seem  to  the  present  writer 
to  comprise  not  only  examples  of  the  trunk  but  also,  at  least,  one 
satisfactory  hecul. 

The  type  specimen,  now  in  the  British  Museum,  is  shown  only  in 
a  general  way  in  Dinkel's  drawing,  and  Ejjcerton's  description  is  far 
from  explanatoiy.  It  comprises  the  imperfect  head  with  the  greater 
portion  of  the  trunk  obliquely  crushed  and  exposed  from  below. 
Bemains  of  a  large  gular  plate  appear  between  the  fragments  of  the 
smooth  mandibular  rami ;  and  there  are  clusters  of  small,  remarkably 
slender,  hollow  teeth.  The  premaxilla  cannot  be  identified  with 
certainty,  but  one  obscure  portion  of  bone  seems  to  show  the  bases  of 
a  single  close  series  of  larger  teeth ;  another  fragment,  exposed  from 
its  oral  face,  must  have  originally  borne  at  least  three  series  of  the 
typical  small  teeth.  On  one  large  expanded  bone,  which  may  be 
entopterygoid,  the  teeth  cover  an  extensive  area  and  are  in  part 
merely  fine  granulations.  The  hyomandibular  is  well  shown  on  one 
side,  but  in  DinkePs  drawing  it  is  not  distinguished  from  an  adjoining 
element  which  appears  to  be  the  displaced  metapterygoid.  The 
process  of  the  hyomandibular  for  the  support  of  the  operculum  is 
long,  but  its  hinder  end  is  connected  with  the  upper  and  lower 
extremities  of  the  element  by  a  thin  lamina  of  bone.  Behind  the 
hyomandibular,  parts  of  the  operculum  and  suboperculum  are  seen 
from  within.  The  vertebral  centra  are  not  **  completely  ossified,** 
but  are  represented  merely  by  distinct  hypocentra  and  pleurocentra ; 
their  arches  are  obscurely  indicated  through  the  displaced  squamation. 
The  tubercles  on  the  scales  are  occasionally  elongated,  and  on  the 
hinder  portion  of  some  of  the  flank-scales  they  are  observed  to  pass 
into  transverse  striaB  which  terminate  in  feeble  denticulations.  The 
fins  are  too  fragmentary  for  detailed  description. 

Some  further  account  of  the  characters  of  the  trunk  and  fins  of 
Osteorachis  is  given  by  Egerton  from  another  specimen,  now  in  the 
British  Museum  (No.  P.  3655).  The  structure  of  the  head,  however, 
has  never  been  more  precisely  indicated.  The  opportunity  is  now 
afforded  to  supply  this  deficiency  by  a  fossil  from  the  Lower  Lias  of 
Lyme  Eegis,   preserved   in   the   Oxford   Museum.     This  is  a  skull, 

1  For  this  Plate  (VII}  see  the  April  Number  Gbol.  Mao. 

'  Quart.  Joum.  Geol.  Soc.  vol.  xxiv  (1868),  p.  600,  and  Figs,  and  Descript. 
Brit.  Organic  Remains,  dec.  xiii  (Mem.  Geol.  Surv.  1872),  no.  6,  pi.  v. 
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proved  to  belong  to  09tsoraehii  by  its  charactenBtically  clustered 
slender  teeth ;  and  the  writer  is  indebted  to  Professor  A.  H.  Green, 
F.K.S.y  for  facilities  to  make  a  detailed  study  of  it. 

The  specimen  in  question  is  preserved  in  indurated  Lias,  and  much 

fractured  by  crushing.     It  is  laterally  compressed,  and  at  the  same 

time  somewhat  distorted,  so  that  the  jaws  on  the  left  side  are  opened 

and  parts  of  the  inner  dentition  are  exposed.     This  loft  side  presents 

the  features  of  greatest  interest,  and  it  is.  shown  of  two-thirds  the 

natural  size  in  Fl.  YII,  Fig.  10.     The  cranium  itself  is  too  imperfect 

for  description,  but  its  roof  is  observed  to  have  been  in  part  very  finely 

tuberculated.     There  is  an  ossification  in  the  postfrontal  (sphenotic) 

region  {pt.f.%  and  the  same  remark  applies  also  to  the  prefrontal 

(lateral  ethmoidal)  region  ( j?./)*     ^^^  orbit  in  the  fossil  is  occupied 

by  a  fragment  of  the  ossified  sclerotic  {scl.).     The  check  is  shown 

to  have  been  completely  covered  with   plates  to  the  border  of  the 

preoperculum,  and  several  of  these  exhibit  traces  of  a  very  fine 

tubcrculation,  while  other  portions  arc  more  coarsely  rugose.      Two 

very  largo  poHorhitah  {pt,o.)  are  distinct,  and  there  are  also  remains 

of  a  cireumorhital  ring  (c.o.).     Within  these  fragments  above  the 

maxilla   can   also  be   seen  portions   of   a  large  thin  smooth  plate, 

which  is  not  improbably  the  entopterygoid.     The  maxilla  (mx,)  is  long 

and  slender,  fractured  in  two  places,  and  either  desti'oyed  or  obscured 

at  its  anterior  extremity.      It  is  stout  in   front,  thin  and  slightly 

deepened  behind,  with  its  outer  surface  partly  smooth,  partly  ru*!:ose. 

Its  hinder   third   is   overlapped  by  a   small  elongated   supramaxdla 

($.mx.)  which  is  deepest  posteriorly,   acutely  pointed  in  front,  and 

exhibit**  a   finely  tuberculiit-od  external  surface.      Its  oral  bonier  is 

nearly  straight  for  the  greater  part  of  the  length  of  the  element,  but 

there  is  a  downward  trend  behind,  perhaps  exaggeraUsd  in  the  fossil 

by  the  accidental  splitting  of  the  bone.     Its  teeth  are  all  long  and 

slender,   nearly  of  equal  size,  well  spaced  and  arranged  in  a  single 

series.     They  are  enamelled  to  the  base  and  distinctly  hollow.     The 

premajcilla    {p.mx.)   is   only  obscurely  indicated,   but   extends   for  a 

con>iderable  distance  along  the  oral  margin,  and  bears  probably  not 

less  than  ten  long  slender  teeth,  similar  to  those  of  the  maxilla ;  seven 

of  these  teeth  are  preserved.    The  left  mandibular  ramus,  showing 

the  high   coronoid  region,  is  also  fragmentarily  preserved,  and   the 

dentary  {(I.)  bears  a  single  series  of  teeth,  like  those  of  the  mar«;in 

of  the  upper  jaw,  and  not  exceeding  the  latter  in  size.     Most  of  these 

teeth  are  displaced  or  broken  away,  and  cross-sections  of  the  bases  of 

some  are  exposed.     The  great  interest  of  the  jaws,  however,  centres 

in  the   streak   of   clustered   dentition   both   immediately   below   the 

maxilla  and  immediately  above  the  mandible,  but  distinctly  intei-nal 

to  each.     The  teeth  of  these  clusters  are  shown  t^  be  exactly  similar 

to  those  on  the  margin  of  the  jaw,  but  much  smaller  and  more  closely 

armnged ;    and  they  all  appear  to  be  readily  broken  olf  the  bones 

supporting   them.      The  upper  cluster  {ecpt.)   doubtless   pertains   to 

the  ec^topterygoid,  while  the  lower  cluster  {spL)  may  be  referred  with 

certainty  to  the  splenial.      Between  the  rami  of  the  mandible  there 

are  remains  of  a  large  gular  plate  {gu,)  in  front,  and  a  few  branchio- 

stegal  rays  (J^r.)  behind. 

The  characteristic  inner  teeth  not  only  serve  to  identify  the  akiill 
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just  described,  but  also  seem  to  necessitate  the  reference  of  two  other 
specimens  from  Lyme  Regis  to  Osteoraehk,  and  probably  to  0,  maero- 
eephalua  itself.  These  are  imperfect  fishes  bearing  the  names  of 
Harpaetira  velox  ^  and  Heteroleptdottu  t^randis,*  each  about  a  metre  in 
lengthy  the  first  in  the  British  Museum  and  the  second  in  the  Davis 
Collection,  Halifax.  They  not  only  exhibit  the  teeth,  but  also  remains 
of  the  typical  squamation ;  and  they  are  important  as  making  known 
the  greater  part  of  the  fins. 

Harpactira  velax  has  never  hitherto  been  satisfactorily  determined ; 
and,  remembering  that  the  unique  example  of  this  fish  displays 
neither  vertebral  elements  nor  ossified  vertebral  arches,  there  may 
still  be  some  hesitation  in  accepting  its  identification  with  Ostearachis, 
The  groat  amount  of  disturbance,  however,  to  which  the  specimen  has 
been  subjected  is  indicated  by  the  fact  that  the  left  suboporculum  is 
displaced  to  the  hinder  part  of  the  caudal  region.  Moreover,  we  may 
cite  another  example  of  a  fish  from  the  Lias  of  Lyme  Regis  in  which 
the  fins  remain  in  position,  while  nearly  the  whole  of  the  well -calcified 
series  of  vertebral  arches  is  wanting  ( Chandrosteus  acipenseroides,  Brit. 
Mus.  No.  P.  3367).  The  present  writer  is  thus  convinced  that  the 
evidence  of  teeth  and  scales  must  outweigh  all  other  considerations ; 
and  a  careful  comparison  of  the  original  specimens  compels  him  to 
relegate  the  name  Harpactira  velox  to  the  synonymy  of  Osteoraehis 
maerocephaltu.  This  unique  type  fossil  exhibits  the  imperfect  head 
obliquely  crushed,  and  the  greater  part  of  the  right  mandibular  ramus 
is  exposed  from  the  inner  aspect.  The  dentary  is  much  fractured  in 
front,  though  showing  the  coronoid  elevation  behind;  while  the 
splenial  is  displaced,  but  sufficiently  complete  to  display  its  clustered 
small  slender  teeth  and  the  excavation  of  its  hinder  margin.  Some  of 
the  characteristic  teeth  are  also  scattered  below  the  jaw.  The  right 
hypohyal  occurs ;  and  the  large  gular  plate  is  completely  preserved, 
this  being  two-thirds  as  broad  as  long,  obtusely  rounded  in  front, 
truncated  behind.  The  exposed  portion  of  the  suboperculum  is  slightly 
more  than  twice  as  broad  as  deep,  ornamented  with  a  very  fine  and 
close  tuberculation ;  and  there  is  a  small  ascending  process  at  its 
antero-superior  angle.  Scales  occur  sparsely  in  the  region  of  the 
pelvic,  dorsal,  anal,  and  caudal  fins,  all  exhibiting  a  fine  tubercular 
ornamentation.  On  the  few  principal  flank-scales  which  are  preserved, 
.  the  tubercles  have  a  tendency  to  elongation  and  pass  in  the  hinder  half 
into  conspicuous  striae.  The  peg  and  socket  for  articulation  are  very 
large,  as  usual.  The  ventral  scales  are  shown  to  have  been  narrowed, 
as  also  are  those  immediately  covering  the  base  of  the  caudal  fin-rays. 

Scales  of  the  form  just  described  are  much  better  preserved  in 
the  so-called  JSeterolepidotus  ffrandis  of  Davis  ;  and  the  fins  of  both  the 
specimens  in  question  are  apparently  identical  in  general  characters  and 
disposition  with  those  of  the  genus  Eiignathiis.  It  is  not  yet  known, 
however,  whether  the  fulcra  in  Osfeorachis  were  biserial  or  uniserial. 

The  result  of  these  further  comparisons  therefore  is,  that  Oateorachii 
macrocephalus  belongs  to  the  same  family  as  EugnathuSy  and  is 
generically  distinguished  from  this  fish  by  the  enlargement  of  the 
inner  clustered  teeth,  and  the  comparative  tenuity  of  its  scales. 

1  Egerton,  Obol.  Mag.  Dec.  II,  Vol.  Ill  (1876),  pp.  441,  676. 

*  J.  W.  Davis,  Joum.  Linn.  Soc.  Zool.  vol.  xviii  (1885),  p.  293,  pi.  vii. 
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IIL — A  Stnopbis  or  the  Kimatns  or  Oanoid  Fishes  from  the 

Cambridge  Oreensand. 

BjArthub  Smith  Woodward,  F.L.S.,  F.G.S., 
Of  the  British  MuBeum  (Natural  Histcry). 

(PLATE  VIII.) 

rE  remains  of  fishes  discovered  in  the  Cambridge  Oreensand  are 
all  very  fragmentary,  and  have  not  hitherto  been  subjected  to 
the  detailed  comparison  with  other  Cretaceous  Ichthyolites  which 
their  interesting  stratigraphioal  position  renders  desirable.  Many 
specimens,  however,  are  capable  of  at  least  generic  determination, 
while  many  others  are  sufficiently  characteristic  fragments  for  the 
definition  of  the  species.  The  present  writer  has  thus  been  much 
interested  during  the  past  few  years  in  studying  collections  of  these 
fi)ssil8,  and  the  following  notes  embody  some  of  the  results  in 
XBference  to  the  g^oid  fishes.  The  British  Museum  (Natural  History) 
having  recently  acquired  the  collection  made  from  the  Cambridge 
Oreensand  by  Mr.  Thomas  Jesson,  F.O.S.,  nearly  all  the  known 
species  are  now  represented  here ;  but  the  writer  has  also  availed 
himself  of  the  privilege  of  making  use  of  the  fine  series  in  the 
Woodwardian  Museum,  Cambridge,  and  the  Philosophical  Society's 
Museum,  York,  thanks  to  the  kindness  of  Professor  McKenny  Hughes, 
Mr.  Henry  Woods,  and  Mr.  H.  M.  Platnauer.  Mr.  James  Carter, 
M.K.C.S.,  has  also  kindly  lent  some  Pycnodont  jaws  from  his  private 
collection. 

Oenus  Lepidotus,  Agassiz  (?). 

A  few  scales  identical  in  form  with  those  of  the  genus  Lfpidotns, 
showing  the  produced  angles  of  tlie  overlapped  portion,  are  con- 
tained in  the  Jesson  Collection  (Brit.  Mus.  No.  P.  7232).  The 
largest  measures  about  003 m.  in  the  depth  of  its  exposed  area. 
They  all  seem  to  have  been  smooth,  but  a  small  boring  organism  has 
destroyed  much  of  the  surface. 

Family  PYCNODONTIDJE. 

Oenus  Athrodon,  Sauvage. 

Tlie  genus  Athrodon  has  already  been  recorded  from  the  Cam- 
bridge Oreensand  on  the  evidence  of  an  abraded  splenial  bone ;  and 
there  is  some  reason  for  also  assigning  to  it  a  vomer  with  seven 
irregular  longitudinal  series  of  teeth,  in  the  Woodwardian  Museum.^ 
A  second  species  is  now  indicated  by  another  splenial  in  Mr.  Jesson's 
collection,  and  this  appears  to  be  distinct  from  all  forms  hitherto 
described. 

1.  Athrodon  erassus,  A.  S.  Woodward,  Oeol.  Mao.  Dec.  Ill,  Vol.  X, 

(1898),  p.  435,  PI.  XVI,  Fig.  3. 

T^pe,     Bight  splenial :   Woodwardian  Museum,  Cambridge. 
1  A.  S.  Woodwazd,  Gsol.  Mao.  [3]  Vol.  X  (1893),  p.  435,  PI.  XVI,  Fig.  4. 
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2.  Athrodon  Jessonij  sp.  noy.,  PI.  YIII,  Figs.  1,  la. 

Type,     Right  uplenial :   BritiBh  Museum  (Jesson  Golleotion). 

Splenial  bone  very  robust,  but  narrower  than  in  A.  era88u$,  with 
large,  closely -arranged  smooth  teeth,  mostly  circular,  disposed  in 
three  nearly  regular  longitudinal  series.  Anteriorly  the  three  series 
are  about  equal  in  size ;  posteriorly  the  median  teeth  are  slightly 
the  larger. 

The  dentition  on  the  type,  and  only  known  specimen,  measures 
0*02  m.  in  maximum  width  and  0*04  m.  in  length.  The  seven  teeth 
of  the  innermost  series  are  well  preserved,  except  the  foremost,  and 
the  hinder  four  are  very  slightly  longer  than  broad.  There  is  a 
small  supplementary  tooth  within  anteriorly.  Of  the  median  series, 
three  round  teeth  remain  in  front,  and  then  only  one  at  the  hinder 
end,  this  being  slightly  broader  than  long.  The  three  middle  teeth 
of  the  outer  series  are  preserved,  and  behind  these  are  the  bases  of 
two  others ;  they  are  nearly  equal  in  size  to  the  teeth  of  the  inner 
series,  but  not  antero-posteriorly  elongated. 

Genus  Ccelodub,  Heckel. 

Ccelodus  is  also  represented  by  two  specific  types  of  splenial 
dentition;  and  two  forms  of  vomer  in  the  Wood  ward  ian  Museum 
may  perhaps  be  placed  here.*  The  first  species,  already  described, 
seems  to  be  tolerably  common ;  while  the  second  species  is  as 
yet  known  only  by  the  unique  fossil  described  below. 

1.   Coelodus   inaqutdenSf   A.    S.   Woodward,   Geol.    Mag.   Dec.  Ill, 
Vol.  X  (1893),  p.  491,  PL  XVII,  Fig.  5. 

Type,     Left  splenial :  British  Museum  (No.  36157). 

2.  Coelodus  cantahrtgiensis^  sp.  nov.     PL  VIII,  Figs.  2,  2a. 

Type.     Right  splenial:  British  Museum  (Jesson  Collection). 

A  large  species  known  only  by  the  splenial  dentition.  Teeth  on 
the  splenial  bone  smooth;  those  of  the  principal  series  scarcely 
more  than  twice  as  broad  as  long,  and  nearly  equal  in  width  to 
the  two  fianking  series;  inner  flanking  teeth  twice  as  broad  as 
long,  and  twice  as  broad  as  the  teeth  of  the  outer  series,  which 
are  scarcely  broader  than  long ;  a  row  within  the  principal  series 
represented  by  few  small  teeth. 

Though  relatively  gigantic,  this  form  of  dentition  is  almost 
identical  with  that  of  the  Wealden  Coelodus  Mantellu  Even  the 
almost  unworn  teeth  in  the  Cambridge  Greensand  fossil,  however, 
are  destitute  of  anj'  trace  of  the  deep  apical  indent  characteristic 
of  all  the  Wealden  teeth;  there  need  thus  be  little  hesitation  in 
regarding  the  present  form  as  specifically  distinct.  The  front 
teeth  of  the  type  specimen  figured  are  deeply  excavated  by  wear 
during  the  life  of  the  animal ;  and  the  inner  supplementary  teeth 
are  indicated  only  in  front  by  two  bases. 


»  A.  S.  Woodward,  ioc.  cit.  1893,  p.  492,  PL  XVII,  Figs.  3,  4. 
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Oenns  Amomgbodus,  Forir. 

A  laTge  form  of  tplenial  dentition  from  the  Cambridge  Green- 
sand  has  already  been  provisionally  ascribed  to  AwmoBoduay  and  it 
if  now  possible  to  add  undoubted  evidence  of  a  diminutive  species 
of  this  genus,  besides  a  more  doubtful  example  of  a  mediuin- 
iized  form. 

1.  AnomctoduB  $nperbua,  A.  S.  Woodward,   Grol.  Mao.  Dec.  Ill, 
Vol.  X  (1898),  p.  489,  PI.  XVI,  Fig.  6. 

T^pe.    Left  splenial :  Woodwardian  Museum,  Cambridge. 
2.  Anomaodui  eonferiuM,  sp.  nov.     PL  VIII,  Fig.  8. 

Tf^,    Imperfect  right  splenial :  collection  of  James  Carter,  Esq. 

Teeth  on  splenial  bone  very  closely  arranged,  and  none  except 
perhaps  the  outermost  with  apical  pit ;  those  of  the  principal  series  ' 
not  more  than  twice  as  broad  as  long,  truncated  at  each  end,  their 
long  axis  directly  transverse,  and  their  antero-inner  point  very 
feebly  turned  forwards ;  inner  teeth  in  a  single  irregular  series  of 
moderate  size,  and  each  slightly  longer  than  broad ;  those  of  the 
innermost  flanking  series  scarcely  as  large  as  the  latter,  somewhat 
broader  than  long,  and  irregularly  oval  [outer  flanking  series 
unsatisfactorily  known]. 

The  type  specimen  is  the  best  fragment  of  this  species  hitherto 
observed  by  the  present  writer,  and  the  outer  margin  of  the  splenial 
thus  remains  to  be  discovered.  The  dentition  seems  to  most  closely 
resemble  that  of  A.  Muensteri,  but  is  readily  distinguished  by  the 
proportions  of  the  principal  teeth. 

3.  Anomceodtts  Carieri,  sp.  nov.     PL  VIII,  Fig.  4. 

Type,     Right  splenial :  collection  of  James  Carter,  Esq. 

A  small  species  known  only  by  the  splenial  dentition,  which  is 
well  spaced.  Teeth  of  principal  series  very  obliquely  set,  pointed 
at  each  end,  not  more  than  half  as  long  as  broad,  and  when  unworn 
with  a  slight  transverse  coronal  furrow ;  outer  and  inner  teeth  very 
small  and  irregular,  with  crimped  apical  pit,  none  broader  than 
loDg,  but  the  majority  longer  than  broad ;  inner  teeth  with  tendency 
to  arrangement  in  two  series ;  flanking  teeth  in  about  three  series 
of  approximately  equal  size. 

The  type  specimen,  shown  of  natural  size,  from  the  oral  aspect 
in  PL  VI II,  Fig.  4,  exhibits  the  outer  toothless  border  of  the  splenial 
element  characteristic  of  the  genus  Anomceodus ;  and  this  well- 
preserved  fossil  is  completely  divested  of  matrix.  On  its  inner 
face  there  is  a  longitudinal  groove  for  the  reception  of  the  persistent 
meckelian  cartilage.  A  second  fragmentary  specimen  in  Mr.  Carter's 
collection  is  similar;  and  a  third  example  of  the  splenial  in  the 
York  Museum  (PL  VIII,  Fig.  6)  only  differs  in  small  particulars. 
In  the  latter  the  innermost  teeth  are  relatively  large  and  with 
obliquely  directed  long  axis ;  while  the  flanking  teeth,  which  are 
partly  obscured  by  matrix,  are  arranged  in  three  comparatively 
regular  series. 

DICADB   IT. — VOL.   U. — VO.    V.  \\ 
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This  fonn  of  splenial  dentition  most  nearly  reeemblee  that  of 
iL  angtuius,  but  is  distingoifthed  by  the  form  and  proportions 
of  the  flanking  teeth. 

Family  EUGNATHIDJS. 

Cxenns  Lophiostomus. 

This  genus  has  hitherto  been  foond  only  in  the  Chalk,  and  bnt 
a  single  example  of  the  skoll  is  known.  It  is  thus  of  great  interest 
to  reoord  the  discovery  of  two  fragments  of  the  cranium  in  the 
Cambridge  Green  sand,  which  evidently  pertain  to  a  new  species. 

Lophiostomus  offinis,  sp.  nov.     PL  YIII,  Figs.  6,  6a. 

Type.  Occipital  half  of  cranial  roof:  Brit  Mus.  (Jesson  Collection). 

As  shown  by  the  figures  which  represent  the  upper  and  right 
lateral  aspects,  the  imperfect  fossil  on  which  this  species  is  founded 
indicates  a  skull  of  similar  form  and  proportions  to  that  of  the 
typical  L.  Dixoni.  The  superficial  ornament,  however,  consists  of 
finer  elongated  tubercles ;  while  the  frontal  prominence  (p.)  on 
either  side  is  very  slightly  elevated  compared  with  that  of  the 
typical  species.  The  occipital  border  is  preserved,  showing  a  broad 
smooth  surface  of  overlap  (o.) ;  and  this  border  is  not  straight  but 
somewhat  excavated  by  a  re-entering  angle.  No  certain  indications 
of  sutures  between  the  component  elements  can  be  observed* 

The  second  specimen,  in  the  Woodwardian  Museum,  Cambridge, 
shows  exactly  the  same  portion  of  the  cranial  roof  with  identical 
characters,  but  is  also  interesting  as  preserving  the  occipital  r^on. 
As  in  the  preceding  specimen,  there  is  no  trace  of  a  prominence  on 
the  squamosal,  such  as  appears  to  be  present  on  the  right  side  of 
the  only  known  skull  of  L.  Dixoni,  The  cartilages  of  the  occipital 
and  otic  regions  are  well  ossified,  and  there  is  a  deep  conical  fossa 
in  the  articular  face  of  the  basioccipital.  There  are  indications  of 
a  deeply  jagged  median  suture  between  the  frontal  bones,  but 
otherwise  the  limits  of  all  elements  are  indistinguishable. 

Family  ASPIDORHYNCHIDJE. 

Genus  Belonostomus,  Agassiz. 

This  genus  is  represented  in  the  Cambridge  Greensand  not  only 
by  fragments  of  the  characteristic  presymphysial  bone,  but  also 
by  portions  of  the  skull  and  scales.  Two  imperfect  scales  in  the 
Woodwardian  Museum  are  as  large  as  those  of  the  Australian 
species,  B,  Sweetie  and  similarly  ornamented  ;  while  the  portions  of 
skulls  are  of  two  kinds,  one  equally  large,  the  other  comparatively 
small  and  depressed. 

Only  the  hinder  half  of  the  skull  is  preserved  in  each  case.  Of 
the  larger  form  there  are  four  examples  in  the  Jesson  Collection 
(Brit.  Mus.  No.  P.  7235),  measuring  from  004 ra.  to  0*05  m.  across 
the  post-frontal  region,  and  all  exhibiting  the  robust  ossification  of 
the  otic  elements.  The  basisphenoidal  region  is  much  laterally 
compressed,  but  no  sutures  can  be  observed  between  any  of  the 


A»  Smith  Woodward — Oreensand  Oanoid  Finhei.        211 

kneB,  and  even  those  of  tbe  oranial  roof  seem  to  be  fased  into  a 
oontiiiiious  shield.  The  latter  is  elaborately  ornamented  with 
elosely-arranged,  vermionlating  mgae  and  tubercles. 

The  smaller  form  of  skall,  known  only  by  two  specimens  in  the 
Woodwardian  Mnsenm,  is  much  depressed  and  scarcely  exceeds 
0-02  m.  in  width  across  the  post-frontal  region.  The  cranial  roof 
is  likewise  mgos^  bat  exhibits  very  clearly  the  limits  of  the 
parietal  and  frontol  bones.  The  parietals  are  much  elongated 
antero-posteriorly,  united  by  a  wayy  suture  and  bordering  the 
binder  extremity  of  the  frontals  wi&  their  antero-eztemal  pro- 
dnotion.  The  interdigitations  of  the  mesial  frontal  suture  are 
especially  deep  and  oonspicuous. 

Family  PACfHTCORMIDiE. 

(3enus  Pbotosphtbjina,  Leidy. 

Perhaps  the  commonest  remains  of  ganoid  fishes  met  with  in  the 
Cambridge  Oreensand  are  portions  of  the  rostrum  of  FrotoMphyrana. 
Not  only  are  they  abundant  as  specimens ;  they  are  also  of  more 
▼aried  form  than  the  corresponding  fossils  met  with  in  any  other 
English  Cretaceous  horizon.  In  fact,  if  the  rostrum  alone  suffices  to 
chitfaoterize  the  species  of  Protosphyrana,  as  is  commonly  assumed 
and  as  seems  probable,  no  less  than  five  new  types  can  be  dis- 
tinguished among  these  specimens.  The  typical  species,  P.  ferox, 
also  occurs,  and  the  characters  of  all  of  them  may  be  briefly 
summarized  as  follows  : — 

1.  ProiotpliyTana  ferox,  J.  Leidy,  Trans.  Amer.  Phil.  Soo.  vol.  xi 

(1867),  p.  96.     Woodcut,  Fig.  3. 

Bostmm  much  elongated  and  attaining  a  length  of  about  0*3  m., 
with  a  transverse  diameter  of  0*06  m.  at  its  base  where  the  vomerine 
teeth  are  implanted;  circular  in  transverse  section  throughout  its 
whole  length  (Figs.  36,  e),  except  within  a  short  distance  of  the 
vomerine  teeth,  where  it  becomes  slightly  flattened  on  the  upper 
part  of  its  sides  and  the  top  (Fig.  3a)  and  passes  into  the  gradually 
widening  flattened  cranial  roof;  its  external  surface  ornamented 
with  reticulating  rugae,  of  which  the  most  prominent  are  longi- 
tudinally directed. 

2.  Protosphyrana  tenuirostris,  sp.  no  v.     Woodcut,  Fig.  1. 
Type*    Bostmm :  Woodwardian  Museum,  Cambridge. 

Bostrum  much  elongated  and  slender,  somewhat  flexed  upwards 
shortly  in  advance  of  the  vomenne  teeth,  and  attaining  a  length 
of  about  0'24  m.,  with  a  transverse  diameter  of  0*027  m.  at  its 
1)880  where  the  vomerine  teeth  are  implanted ;  transverse  section 
(Figs,  la-c)  remarkably  cylindroidal  throughout  its  length,  slightly 
depressed  in  its  middle  portion ;  external  surface  marked  by  fine 
longitudinal  ridges. 

A  slightly  more  attenuated  form  of  rostrum  from  the  Cenomanian 
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of  Knnk,  Biusia,  probably  of  tbis  species,  is  Moribed  to  **  SamrO" 
eephalm  9triain$,  Ag.'*  by  Y.  EiprijanoiT,  BalL  Soc.  Imp.  Nat  Moaoou, 
▼oL  xxxiii,  pt  i  (1860),  p.  666,  pi.  x,  fig.  8. 

8.  Proto9phtfrema  Keepingi^  sp.  noy.    Woodcut,  Fig.  4. 
Type,    Imperfect  rostrum :   Woodwardian  Museam,  Cambridge. 

Bostmm  remarkably  stout  and  abort,  circular  in  transTcrse  section, 
only  slightly  flattened  on  the  top  at  its  base  (Fig.  4a)  ;  external 
surface  ornamented  with  reticulating  ruge. 

This  species  is  known  only  by  the  unique  type  specimen  obtained 
by  Mr.  Henry  Keeping. 

4.  Protosphyrana  omcUa,  sp.  nov.     PL  VIII,  Fig.  7. 
Type.    Imperfect  rostrum :  Woodwardian  Museum,  Cambridge. 

Bostrum  much  elongated  and  attaining  a  length  of  about  0*2  m., 
with  a  transverse  diameter  probably  of  0*02  m.  or  0*025  m.  at  its 
base  where  the  vomerine  teeth  are  implanted;  vomerine  area 
elongated,  and  the  rostrum  much  latently  compressed,  except 
towards  its  attenuated  distal  extremity,  which  is  round  in  section ; 
the  rounded  upper  contour  of  the  rostrum  gradually  becoming  raised 
into  an  obtuse  median  longitudinal  ridge  at  its  base  and  ornamented 
with  coarse  rugsB,  which  frequently  subdivide  into  tubercles  and  are 
mainly  longitudinal  in  direction  though  partly  turned  obliquely 
downwards ;  the  lateral  portions  ornamented  with  much  finer 
longitudinal  rugaa,  which  tend  in  part  to  converge  at  the  middle  of 
the  side  and  form  a  slight  median  longitudinal  ridge  on  the  inferior 
aspect  for  some  distance  in  advance  of  the  vomerine  area. 

This  appears  to  be  the  commonest  species  of  Protosphyrana  in  the 
Cambridge  Greensand,  and  the  rostrum  is  readily  distinguished  both 
by  its  lateral  compression  and  the  unique  ornamentation.  The  type 
specimen,  shown  of  the  natural  size  from  the  left  lateral  aspect  in 
PI.  YlII,  Fig.  7,  is  the  finest  example  hitherto  discovered. 

5.  Protosphyrana  depressa,  sp.  nov.     PI.  VIII,  Fig.  8. 

Type.     Bostrum  :  Woodwardian  Museum,  Cambridge. 

Bostrum  comparatively  short  and  depressed,  its  length  apparently 
not  exceeding  0*055  m.  in  a  specimen  measuring  0*025  m.  in 
transverse  diameter  where  the  vomerine  teeth  are  implanted  ;  upper 
aspect  flattened,  almost  hollowed,  and  the  sides  converging  below 
so  that  the  transverse  section  (Fig.  8a)  appears  triangular  with 
rounded  angles  ;  surface  smooth  or  in  part  slightly  rugose. 

6.  Protosphyrana  hrevirostris,  sp.  nov.     PI.  VIII,  Figs.  9,  9a. 

Type.     Base  of  rostrum  :  British  Museum  (Jesson  Collection). 

Bostrum  comparatively  short  and  acute,  its  length  apparently  not 
exceeding  0*05  m.  in  a  specimen  measuring  0*025  ro.  in  transverse 
diameter  where  the  vomerine  teeth  are  implanted;  upper  aspect 
and  sides  flattened,  the  latter  converging  below  in  a  median  inferior 
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keel,  making  the  transTene  eeotion  triangular  at  the  end  of  the 
vomerine  region ;  anrfaoe  nearly  smooth. 
This  apedea  haa  already  been  incidentally  mentioned  in  diaonasing 


Outlines  of  Rostra  of  Prototphyrana  in  lateral  aspect  and  transTerse  section, 

one- half  natural  size. 
Fio.  1.  FrotoMphyrofia  tenu%ro»tri$y   sp.   nov.  —  Cambridge  Greensand.      [Wood. 

wardian  Museum,  Cambridge.] 
Fia.  2.  Frotanphyrana  eompresnrogtrUf  sp.  nov.^ — Kentish  Chalk.     [Brit.   Mus. 

No.  P.  6631.] 
Fio.  3.  Protosphyrana  ferox,  Leidy.— Kentish  Chalk.     [Brit.  Mub.  N«.  P.  5630.] 
1^10.  4.  Protoaphyrttna  Keepinyi,  sp.  nov. — Cambridge  Greensand.     [Wood wardian 
Museum,  Cambridge.] 

^  This    species    may   be    characterized   thus:    Rostrum  much    elongated,   and 
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the  affiDities  of  ProtofphyrafM,^  and  is  speoially  remarkable  on 
account  of  the  shortness  of  the  snout  The  type  specimen  exhibits 
apparently  the  greater  part  of  the  ethmoidal  region,  and  wants 
only  the  extremity  of  the  snout  On  the  obscured  inferior  aspect 
there  are  traces  of  the  large,  laterally-compressed  vomerine  teeth 
(Fig.  9a,  (,)  and  there  appears  to  be  no  flattened  area  in  advance 
of  them.  The  transverse  section  is  shown  to  be  triangular  as 
described,  and  on  the  upper  surface  there  seem  to  be  some  feeble 
indications  of  coarse  longitudinal  rugce  partly  subdivided  into 
tubercles.  A  second,  more  abraded  specimen  (Brit  Mus.  P.  7252) 
has  a  slightly  larger  and  longer  snout  with  a  triangular  flattened 
area  immediately  in  front  of  the  vomerine  teeth ;  but  the  differences 
it  presents  are  not  greater  than  such  as  may  be  reasonably  explained 
by  individual  variation. 

The  ganoid  fish  fauna  of  the  Cambridge  Greensand  is  thus  almost 
as  unique  as  its  reptilian  fauna.  Nearly  every  fragment  which 
admits  of  satisfactory  comparison,  differs  specifically  from  allied 
fossils  occurring  elsewhere;  and  the  number  of  forms  represented 
is  also  remarkable. 

EXPLANATION  OF  PLATE  VHI. 

Fio.  1.  Athrodon  Jestonif  sp.  noT. ;  right  splenial,  from  the  oral  and  symphysial 

(la)  aspects.     [British  Museum,  No.  P.  7238.] 
Fio.  2.  Calodua  cantabrtpiennsj  sp.  dot.  ;  nefat  splenial,  from  the  oral  and  hinder 

(2a)  aspects.     [British  Museum,  No.  P.  7236.] 
Fio.  3.  Anomceodus  confertus^  sp.  dot.  ;  right  splenial,  oral  aspect.     [Collection  of 

James  Carter,  Esq.,  F.G.S.] 
Fio.  4.  Anomctodun  Carterif  sp.  noT. ;   right  splenial,  oral  aspect.     [CoUectiim  of 

James  Carter,  Esq.,  F.G.S.] 
Fio.  5.  Ditto? ;  anterior  end  of  left  splenial,  oral  aspect,  partly  obscured  by  matrix. 

[Reed  Collection,  York  Museum  ] 
Fio.  6.  Zophiostomus  ajinis,  sp.  noT.  ;    hinder  portion  of  cranial  roof  from  the 

upper  and  right  lateral  (6a)  aspects ;   o.  oTcrlapped  occipital  border ; 

p.  prominence  aboTC  orbit.     [Bntish  Museum,  No.  P.  7233.] 
Fio.  7.  ProtofphyrtttM  ornata,  sp.  noT. ;   imperfect  rostrum,  left  lateral  aspect. 

[Woodwardian  Museum,  Cambridge.] 
Fio.  8.  ProtosphyrafM  depresaa^  sp.  noT. ;   rostrum,  upper  aspect,  and  transyerse 

section  (8a).     [/fttrf.] 
Fio.  9.  FrotoMphyrana  brevirostriSf  sp.  noT. ;   imperfect  rostrum  from  the  upper 

and  left  lateral  (9a)  aspects,    t.  Tomerine  tooth.     [British   Museiun, 

No.  P.  7263.] 

All  the  specimens  were  obtained  from  the  Cambridge  Greensand,  and  the  figures 
are  of  the  natural  size. 

attaining  a  length  of  at  least  0*19  m.,  with  a  transverse  diameter  of  0*02  m.  at  its 
base  where  the  vomerine  teeth  are  implanted ;  laterally  compressed  in  its  proximal 
half,  the  transverse  section  here  being  an  oval  with  vertical  long  axis  (l^*  2^) ; 
circular  in  transverse  section  in  its  distal  portion  (Fi^.  2e) ;  the  top  oi  the  base 
gradually  becoming  flattened  as  it  passes  into  the  cranial  roof.  External  onuunent 
as  in  P.  ferox. 

*  A.  S.  Woodward,  *•  On  the  Affinities  of  the  Cretaceous  Fish  Frotosphyntna,** 
Ann.  Mag.  Nat.  Hist.  [6]  vol.  xiii  (1894),  p.  610,  footnote. 
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17. — On  the  Ooovbbsnoi  of  Tboca  uuQoaiDENs^  Owen,  in 

Maltese  Stbata. 

By  John  H.  Cookb,  F.G.S.,  F.L.S. 

ra  memoir  whieh  was  read  before  the  Geological  Society  of 
London  in  1870,  and  which  was  published  in  the  Proceedings 
of  that  Society  and  in  the  Malta  papers.  Dr.  A.  A.  Caruana'  makes 
mention  of  a  portion  of  a  rib  and  of  a  lower  jaw  of  a  mammal 
which  were  obtained  from  the  Globigerina  Limestone  at  El  Kbajer, 
near  KoUa  el  Baida,  in  the  island  of  Gozo ;  and  after  referring  to 
the  fact  that  no  Camivora  had,  up  to  that  date,  been  found  in  the 
Maltese  Islands,  he  described  the  El  Kbajer  fossils  as  being 
''  a  portion  of  the  lower  jaw  of  a  Hyeena  with  several  teeth  in  situ," 

llie  fossils  were  presented  by  Dr.  Caruana  to  the  University 
Museum,  Yaletta,  and  for  nearly  twenty-three  years  they  remained 
there,  labelled  "  Remains  of  HysBua." 

In  the  year  1890, 1  drew  the  attention  of  Dr.  John  Murray  to  the 
remarkable  description  which  was  attached  to  these  specimens ;  and 
in  1891  I  entered  into  correspondence  with,  and  forwarded  sketches 
and  photographs  of  the  remains  to,  the  late  Prof,  van  Beneden,  of 
Lou  vain.  Both  of  these  eminent  geologists  confirmed  my  suspicions 
as  to  the  mistake  into  which  Caruana  had  fallen. 


Bight  mandibular  ramus  of  lower  jaw  of  Fhoca  rugosidefi*  (Owen) ;  Globifrerina 
Limestone,  Gozo,  Malta.  The  original  is  preserved  in  the  University  Museum, 
Valettu.  The  tooth  drawn  in  outline  shows  the  form  of  the  cusps  of  a  single 
detached  molar. 

The  principal  specimen,  which  is  firmly  embedded  in  a  compact 
Hock  of  Globigerina  Limestone,  consists  of  the  right  ramus  of  the 
lower  jaw  of  a  Phoca,  It  contains  three  eutii*e  molars,  and 
a  portion  of  a  fourth.  All  of  them  are  in  situ ;  and  they  are  in  a 
capital  state  of  preservation.  The  enamel  of  the  teeth  is  very 
lougb ;  and  the  margins  are  boldly  though  unequally  serrated  on 
both  sides.  One  of  the  molars,  situated  towards  the  posterior 
extremity  of  the  jaw,  clearly  exhibits  the  bifurcation  of  its  roots. 
This  is  the  finest  specimen  of  the  remains  of  a  fossil  Seal  that  has 
yet  been  recorded  from  the  Maltese  Islands. 

^  Caruana,  A.  A.,  Quart.  Joum.  Geol.  Soc.,  vol.  xxvi,  p.  434 ;  "  Malta  Observer/' 
March,  1870. 
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While  hantiDg  for  further  evidenees  of  these  animale  in  the  same 
locality  as  that  whence  this  fossil  was  obtained,  I  was  fortunate 
enough  to  find  an  isolated  molar  in  the  bed  which  is  situated 
between  the  first  and  the  second  nodule  seams»  and  from  informa- 
tion which  I  obtained  as  to  the  exact  locality  in  which  the  Malta 
University  specimen  was  obtained,  as  well  as  from  a  comparison  of 
its  matrix  with  the  rocks  at  El  Ebajer,  there  can  be  no  doobt  but 
that  they  were  both  obtained  from  the  same  horizon.  The  molar 
tooth  found  by  myself  shows  the  lower  portions  of  its  bifurcated 
root  It  measures  ^  an  inch  in  length,  and  f  of  an  inch  in 
breadth.  The  enamel  is  rough  and  uneven,  and  it  is  scored  with 
white  striations  of  unequal  lengths,  which  run  in  parallel  lines 
longitudinally  down  both  sides  of  the  tooth.  Along  the  posterior 
margin  there  are  two  very  pronounced  serrations,  while  on  the 
anterior  margin,  and  in  immediate  juxtaposition  with  the  crown, 
there  is  a  small  one. 

The  layer  of  rock  in  which  this  and  the  University  specimen  were 
discovered  forms  the  base  of  the  Laughian  series  in  the  Maltese 
Islands.  According  to  Fuchs,*  this  and  the  overlying  layer,  which 
is  an  argillaceous  variety  of  the  Marl  beds,  find  their  analogue  in  the 
Horner  Schiohten  of  the  Vienna  basin.  It  is  a  reddish-yellow  rock 
of  variable  character.  It  averages  about  twenty  feet  in  thickness, 
and  is  remarkably  persistent  throughout  both  Malta  and  Gozo.  In 
organic  remains  it  is  one  of  the  most  prolific  of  the  divisions  of  the 
Olohigerina  limestones. 

The  ribs  and  jaws  of  Halitherium,^  and  the  teeth  of  Diodon^ 
Myliobates,  and  Fhoca  are  not  rare,  while  roost  of  the  mollusca 
found  in  the  Marls  and  in  the  overlying  argillaceous  or  transition 
bed  occur  here  in  profuse  abundance. 

Pecten  Koheni^  makes  its  first  appearance  in  this  bed.  The 
stratum  is  bounded  above  and  below  by  a  layer  of  phosphatized 
remains  of  sea  life.  The  upper  seam  varies  in  thickness  from  nine 
to  fifteen  inches ;  the  lower  seam  ranges  from  an  inch  to  two  feet 
thick.  Both  seams  consist  of  an  aggregation  of  irregularly  shaped 
nodules,  intermixed  with  which  are  considerable  quantities  of  the 
phosphatized  remains  of  molluscs,  corallines,  echinoderms,  crusta- 
ceans, fish,  and  mammals,  the  whole  being  firmly  bound  by  an 
interstitial  cement  composed  of  foraininiferal  and  other  calcareous 
matter.  The  lower  seam  is  more  compact  than  the  upper  one,  and 
the  line  of  demarcation  between  it  and  the  overlying  bed  is  therefore 
more  pronounced.  For  a  distance  of  several  feet  below  the  upper 
phosphatic  layer  the  phosphatized  remains  of  pteropods  and  other 
minute  organisms  are  diffused  at  irregular  intervals  throughout 
the  rock. 

It  was  at  about  this  horizon  that  the  Malta  University  specimen 

1  Fucks,  Tb.,  "  Das  Alter  der  Tertiarechichten  Ton  Malta,"  Sitz.  d.  k.-k.  Akad. 
der  Wiss.  Wien,  Bd.  Ixx,  p.  92. 

^  Adams,  Prof.  A.  L.,  *'  On  the  Discoyery  of  the  remains  of  Halitherium  in  the 
Miocene  Deposits  of  Malta,"  Quart.  Joum.  Geol.  Soc.  vol.  xxii,  p.  695,  1866. 

»  TiVfe  Fuchs,  Th.,  *' Ueber  den  sogenanten  *  Badner  Teger  auf  Malta,"  for 
description  and  figure. 
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was  found.  The  matrix  in  whioh  the  jaw  and  teeth  are  embedded 
bag  oonaiderable  nambers  of  minute  phosphatic  nodolea  distributed 
throngh  it,  and  also  great  numbers  of  the  phosphatized  remains  of 
ByaliBa  and  VagineUa. 

Dr.  John  Murray  oonsiders  that  this  portion  of  the  Olobigerina 
Limestone  was  deposited  on  a  rising  sea-floor,  and  in,  approximately, 
about  300  fathoms  of  water.  ^ 

The  late  Prof.  Leith  Adams  found  several  teeth  of  Phoea  in  the 
rocks  around  the  Bay  of  Marsa  Forno,  Gozo.  These  he  forwarded  to 
the  late  Professor  Sir  R.  Owen,  and  on  them  Owen  founded  the  new 
•pedes  Phoea  rvgosidens,  I  have  carefully  g^one  over  the  distriot 
around  Xenohia  and  Marsa  Fomo,  and  have  come  to  the  oonolusion 
that  Adams'  fossils  could  only  have  oome  from  the  upper  layers  of 
the  Globigerina  bed. 

From  a  comparison  of  the  Malta  University  specimen  and  of  the 
isolated  tooth  found  by  myself,  with  those  found  by  Adams  and 
with  the  description  given  by  Owen,  the  two  former  are  undoubtedly, 
I  believe,  specimens  of  the  extinct  species  described  by  Owen  under 
the  name  of  Phoea  rugo${den$.  I  may  note  that  the  late  Professor 
Tan  Beneden,  after  having  seen  my  sketches,  suggested  that  the 
specimen  might  be  an  example  of  P,  Seilla,  I  was  preparing  to 
send  my  specimen  to  him,  when  I  heard  of  his  death.  Besides 
these,  numerous  canines  of  a  Phoea  have  from  time  to  time  been 
found  in  the  upper  Olobigerina  layers  and  in  the  *' Green  sands." 
Several  very  fine  examples  of  these  are  carefully  preserved  in  the 
Malta  Museum.  Remains  of  fossil  seals  were  discovered  in  the 
Malta  beds  in  the  early  part  of  the  seveiiteeth  century. 

Seilla'  figured  some  teeth  in  1670;  and  Agassiz  and  Gervais, 
commenting  on  Soil  la's  illustration,  pointed  out  that  it  was  referable 
to  the  genus  Phoeodon, 

lliere  is  in  the  Naples  Museum  a  fine  specimen  which  is  labelled 
Phoea  Seillm,  and  which  is  said  to  have  come  from  Malta.  This 
specimen  has  been  figured  and  described  by  Costa  ^  in  his  appendix 
to  the  "  Paleontologia  del  Hegno  di  Napoli."  It  is  much  to  be 
regretted  that  the  authorities  of  the  Museum  at  Naples  possess  no 
definite  information  either  as  to  the  locality  or  the  horizon  whence 
it  was  obtained. 


V. — On  Scottish  Intkr-Glacial  Deposits. 
By  Clement  Eeid,  F.L.S.,  F.G.S. 

IN  the  new  edition  of  his  "  Great  Ice  Age,"  Professor  James 
Geikie  devotes  a  good  deal  of  space  to  the  inter-Glacial  peats 
found  in  Scotland.  Perhaps,  as  the  plants  from  nearly  all  these 
deposits  have  passed  through  my  bauds,  1  may  be  allowed  to  venture 


*  Dr.   John   Murray,  "  The  Maltese   iRlands,   with   spwial   reference  to  tlieir 


I.  16,  18. 
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on  a  criticism,  thoagh  I  haye  only  had  the  opportunity  of  examining 
two  of  the  localities  in  the  field. 

The  inter-Glacial  date  of  these  masses  is  accepted  by  Professor 
(3eikie,  and  by  many  other  Scottish  geologists,  and  in  my  notes  on 
the  Greological  History  of  the  Flora  of  Britain^  their  view  was 
adopted,  though  with  great  hesitation  as  regards  one  of  the  principal 
localities,  a  railway-cutting  in  Gowden  Glen,  in  Benfrewshire. 
Subsequent  work  on  the  abundant  material  sent  by  Mr.  James 
Bennie  and  other  obseryers,  and  an  examination  of  the  Hailes  and 
Bedhall  quarries,  has  conyinced  me  that  the  majority  of  the  plants 
found  in  the  three  most  important  deposits  are  of  oomparatiyely 
late  date,  probably  not  older  than  the  Neolithic  period. 

Taking  the  localities  one  by  one,  in  the  order  of  their  botanical 
importance,  the  first  place  must  be  giyen  to  the  section  seen  in  the 
railway  cutting  at  Cowden  Glen  (**  Great  Ice  Age,"  pp.  102-104). 
This  locality  I  haye  not  examined,  so  can  only  speak  of  the  botsnical 
eyidence ;  but  it  may  be  remarked  that  seyeral  competent  obsenrers 
haye  already  objected  to  the  acceptation  of  the  peat  as  inter-Glaoial, 
on  the  ground  that  the  drift  there  is  constantly  slipping  down  the 
steep  slope,  so  that  the  occurrence  of  Boulder-clay  oyer  the  peat  is 
insufficient  to  proye  that  the  peat  is  the  older  of  the  two.  When 
writing  my  preyious  paper'  I  remarked  that  ''the  plants  do  not 
throw  any  light  on  the  question,  for  they  are  all  species  still  Hying 
in  the  district."  But  since  then  I  have  receiyed  a  larger  series  of 
specimens  from  Mr.  Bennie,  and  among  them  two  seeds  of  the 
garden  or  opium  poppy  (Papaver  sommferum),  1  haye  not  the 
slightest  doubt  as  to  the  accuracy  of  this  determination ;  but  it  is 
extremely  improbable  that  such  a  plant  was  a  native  of  Britain 
in  inter-Glacial  times.  The  whole  assemblage  of  the  plants,  and 
the  state  of  preservation  of  the  animal  remains,  such  as  caddis-cases, 
winter  eggs  of  Spongilla  and  Cristatellaf  and  fragments  of  Daphniaf 
suggest  to  me  an  extremely  recent  date  for  this  deposit 

Next  in  importance  is  Hailes  Quarry,  close  to  Edinburgh  (see 
^' Great  Ice  Age,"  p.  99).  Here  the  botanical  evidence  is  somewhat 
different,  for  the  base  of  the  peaty  loam  yields  a  truly  Arctic  flora, 
while  the  higher  parts  contain  only  temperate  plants.  It  is  possible 
that  the  bed  with  Arctic  willows  may  be  inter- Glacial,  though  I  was 
unable  to  find  any  Boulder-clay  above  it;  but  as  regards  the  upper 
portion,  the  occurrence  of  charcoal,  of  seeds  of  flax,  fool's  parsley, 
com  marigold  (Chrysanthemum  segetum),  chamomile  (Matricaria 
inodora),  and  hemp-nettle  (Oaleopsis  Tetrahit)  is  against  the  great 
antiquity  of  this  deposit. 

Aa  regards  Bedhall  Quarry,  also  close  to  Edinburgh,  the  eyidence 
seems  even  more  decidedly  to  be  against  the  inter-Glacial  age  of  the 
peat  (see  "Great  Ice  Age,"  pp.  100-101).  ITie  section  was  not  clear 
when  I  visited  it,  so  I  can  say  nothing  as  to  the  stratigraphical 
evidence,  except  that  the  slope  of  the  ground  seemed  quite  sufficient 
to  cause  slipping  in  so  unstable  a  deposit  as  the  Till.     The  botanical 

*  Annals  of  Botany,  vol.  11,  No.  vi,  August,  1888. 

*  Op.  cit,  p.  183. 
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evidence,  however,  ift  very  strong,  for  the  peat  yields  aboat  fifty 
plants,  including  Fumaria  officinalU,  Spergula  arvensis,  Linum  perenne 
(or  L.  tifttolifiitmiiiii),  AUhemUa  arvennt,  Carum  Cami,  Chrysanthemum 
Megetnm,  Matricaria  inodora,  Centaurea  OyanuB,  S^mchua  arvensU^ 
GaUopsii  TclraMi,  and  Euphorbia  Helioacopia,  These  eleven  species, 
and  perhaps  some  of  the  others,  are  probably  weeds  of  cultivation. 
The  flax  seeds  and  capsules,  judging  from  the  abundance  of  these 
remains,  may  be  the  refuse  of  bundles  of  the  cultivated  plant  put  to 
steep  in  the  marsh.  If  the  seeds  belong,  on  the  other  hand,  to  the 
wild  flax,  it  is  strange  that  they  should  be  so  abundant  in  a  peaty 
deposit,  for  this  'plant  does  not  usually  grow  in  marshy  places,  and 
is  not  at  the  present  day  found  so  far  north. 

The  three  localities  above  described  are  the  only  ones  in  Scotland 
that  yield  a  characteristic  temperate  flora  from  beds  supposed  to 
be  older  than  part  of  the  Till.  There  remain,  however,  several 
deposits  which  I  am  inclined  to  accept  as  of  inter-Glacial,  or 
perhaps  Glacial,  date ;  but  these,  unfortunately,  like  all  the  peaty 
masses  undoubtedly  included  in  the  Till,  yield  nothing  but  a  poverty* 
stricken,  uncharacteristic  flora,  all  the  species  having  an  extremely 
wide  range.  Kilmaurs,  in  Ayrshire,  where  so  many  remains  of  the 
Mammoth  have  been  found,  is  probably  the  best  known  of  these 
localities  (see  "Great  Ice  Age,*'  pp.  188,  149,  162).  Many  seeds 
were  sent  to  me  from  this  place,  but  among  them  there  were  only 
aix  species  of  flowering  plants.  Indeed,  this  poverty  of  the  flora 
eeems  td  be  a  common,  though  not  universal,  characteristic  of 
deposits  in  which  Mammoth  remains  are  abundant :  it  was  equally 
marked,  for  instance,  in  the  Mammoth-bearing  loams  of  Endsleigh 
Gardens,  in  London,  described  by  Dr.  Hicks. 

Another  locality  where  peaty  deposits  lie  unmistakably  under  Till 
is  at  Chapelhall,  near  Airdrie.  Tbis  section  was  first  described, 
many  years  since,  by  Sir  Archibald  Geikie,  and  on  applying  to  the 
Geological  Survey  of  Scotland  I  obtained  a  box  containing  several 
hundred  seeds.  The  result,  however,  was  most  disappointing,  for 
they  all  belonged  to  two  common  marsh  plants  which  range 
throughout  the  north  Temperate  and  Arctic  regions.  A  further 
series  from  other  sections  at  Airdrie  yielded  about  a  dozen  species, 
iuclnding  the  dwarf  Arctic  birch. 

In  making  these  comments  on  the  evidence  brought  forward  to 
prove  inter-Glacial  periods  in  Scotland,  I  do  not  wish  to  be  mis- 
understood. I  have  no  objection  to  recognize  such  alternations; 
but  for  several  years  I  have  tried  to  examine  on  its  own  merits  the 
evidence  for  each  supposed  inter-Glacial  deposit  in  BritHin.  In 
many  instances  the  case  completely  collapses,  but  in  others  it 
becomes  stronger  the  more  closely  it  is  examined.  Thus  we  are 
gradually  bringing  to  light  a  definite  inter-Glacial  period  with  a 
characteristic  fauna  and  flora ;  but  before  we  can  pretend  to  under- 
stand the  peculiar  conditions,  it  is  absolutely  necessary  to  weed  out 
all  spurious  or  doubtful  evidence.  The  case  will  be  enormouHly 
weakened  in  the  eyes  of  all  naturalittts  by  the  inclusion  of  such 
deposits  and  fossils  as  those  of  Covvden  Glen,  liedhall,  and  Hailes. 
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YL — Cab  a  Diobitb  bbcomb  an  Acidio  Ghbisb? 

By  C.  Callaway,  D.Se.,  M.A.,  F.0.8. 

I  HAVE  already  answered  this  question  in  the  affirmatiTe  in  my 
papers  on  **  Metamorphism  in  the  Malvern  Hills,"  ^  thoogfa  I 
am  aware  that  the  assertion  has  been  contested.  Nevertheless,  the 
possibih'ty  that  diorite  and  quartzite  may  have  a  oommon  origin 
was  suggested  by  Prof.  Zirkel  as  far  back  as  187G;  and  in  1892 
Mr.  W.  S.  Bay  ley,  of  the  Geological  Survey  of  Minnesota,  distinctly 
affirmed  that  a  certain  quartzite  was  nothing  more  or  less  than 
"a  completely  altered  gabbro."  My  conclusion,  therefore,  is  not 
without  support,  and,  though  it  has  been  strongly  attacked,  it  refuses 
to  succumb.  I  trust  I  shall  be  allowed  in  the  present  paper  to  reply 
to  one  or  two  of  the  objections  to  it  My  remarks  refer  only  to 
the  Malvern  area. 

So  far  as  I  can  gather,  it  has  been  objected  that  there  is  no  true 
passage  between  the  diorite  and  the  gneiss.  I  have,  it  is  suggested, 
made  an  error  of  observation,  and  have  overlooked  breaks  in  the 
sections  examined.  No  one  has  ever  pointed  out  any  of  these  breaks, 
though  I  have  exhibited  series  of  specimens  to  the  International 
Geological  Congress,  to  the  firitish  Association,  and  to  the  Geological 
Society  of  London ;  but  I  suppose  that  the  belief  in  the  extreme 
improbability  of  the  alleged  change  has  led  to  the  conclusion  that 
there  muni  be  error  of  oversight  on  my  part.  It  is  the  old  argument 
of  Hume  over  again — it  is  easier  to  believe  that  Callaway  has  gone 
wrong  than  to  believe  that  a  quartzose  gneiss  should  have  been 
formed  out  of  a  diorite. 

Many  mistakes  of  this  kind  have  no  doubt  been  made.  Before 
the  microscope  was  applied  to  the  study  of  rocks,  they  were  some- 
times almost  inevitable.  The  writer  has  studied  some  of  them  in 
Anglesey,  Caernarvonshire,  Donegal,  Connemara,  and  elsewhere. 
He  is  therefore  fully  alive  to  the  risk  of  error,  and  has  carefully 
refrained  from  coming  to  the  conclusion  that  one  rock  passes  into 
another  until  it  has  been  forced  upon  him  by  prolonged  study  in 
the  field  and  with  the  microscope. 

But  perhaps  I  had  better  define  what  is  the  exact  nature  of  this 
passage  from  diorite  to  gneiss.  In  the  first  place,  I  do  not  mean 
that  there  is  somewhere  a  junction  between  them,  at  which  they 
are  mixed  up  together  in  a  very  intimate  manner.  Thus,  we  often 
find  a  granite  and  a  grit  almost  in  contact,  with  the  granite  passing 
into  an  arkose,  and  the  arkose  into  the  grit  Sometimes  observers 
of  undoubted  competence  have  described  this  as  a  case  of  a  true 
gradation,  and  have  inferred  from  it  the  metamorphic  ongin  of  the 
granite,  but  no  experienced  petrologist  would  make  such  a  mistake 
now-a-days. 

In  the  next  place,  I  do  not  intend  simply  to  assert  that  there 
is  a  true  passage  between   the   diorite   and   the  gneiss.     A  mere 

>  Quart.  Journ.  Geol.  Soc,  August,  1889,  pp.  485,  486  ;  August,  1893, 
pp.  418-420. 
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gradation  between  two  kinds  of  rock  proves  nothing^  as  to  the 
genetio  oonneotion  between  them.  In  an  igneous  magma,  for 
example,  one  part  of  a  mass  may  be  acidic  and  the  other  basic, 
and  they  may  grade  imperceptibly  into  each  other. 

What  I  mean  will  be  best  elucidated  by  an  illustration :  A  piece 
of  beef  is  roasting  before  the  fire.  The  central  part  of  the  mass  is 
raw  and  the  outer  layers  are  more  or  less  cooked.  By  cutting  into 
the  meat,  we  see  the  gradation  between  the  raw  and  the  cooked 
parts.  We  also  see  the  cause  of  the  changre  produced,  llie  proof 
of  the  roasting  of  the  meat  is  therefore  complete. 

This  illustration  represents  the  kind  of  evidence  for  the  production 
of  acidic  gneiss  from  diorite  offered  us  by  the  Malvern  rooks,  and 
it  hardly  exaggerates  its  oleamess.  We  can  observe  in  the  rooks 
the  crushing  up  of  the  constituents  increasing  in  intensity,  and 
parallel  with  this  change  is  a  mineral  transformation.  Or  the 
change  in  the  minerals  gradually  comes  in  as  we  approach  a  plexus 
pf  granite-vein^  Or  both  of  these  causes  of  alteration  may  be 
combined.  The  evidence  of  increasing  heat  as  we  penetrate  a 
shear-zone  is  seen  in  the  reoementation  of  minute  fragments  and 
shear-lentides,  or  in  the  progressive  clearness  of  the  minerals,  or 
in  both  characters  united.  Further  pix>of  of  secondary  action  is 
furnished  by  the  relations  of  the  minerals  in  the  completed  gneiss, 
in  which  we  sometimes  observe  that  mica,  felspar,  and  quartz  are 
all  moulded  upon  calcite,  wbioh  in  these  rocks  is  unquestionably 
a  secondary  product. 

The  other  objections  which  have  been  urged  against  my  conclusions 
on  the  origin  of  the  acidic  gneiss  are  chiefly  of  a  chemical  nature. 
The  elimination  of  magnesia  and  alumina,  especially  the  latter,  and 
the  production  of  biotite  out  of  chlorite,  iron-oxide,  and  potash,  are 
apparently  regarded  as  so  improbable  that  no  amount  of  evidence 
furnished  by  field-sections  or  microscopic  slides  can  establish  their 
reality.  This  position  I  contest.  I  respectfully  urge  that  the 
chemical  theories  must  give  way  to  the  geological  facts.  If  a  rock 
containing  18  per  cent,  of  alumina  and  7  per  cent,  of  magnesia 
has  been  converted  into  one  in  which  the  percenta«;es  are  respiec- 
tively  9  and  0*5,  then  alumina  and  magnesia  have  been  eliminated. 
The  analyses  of  Mr.  Player  prove  that  the  diorite  and  the  acidic 
gneiss  respectively  contain  the  proportions  here  stated ;  and,  since 
the  one  has  been  changed  into  the  other,  we  are  driven  to  conclude 
that  the  elimination  has  taken  place. 

Magnesia  and  alumina,  especially  the  latter,  are  no  doubt  very 
stubborn  things  to  get  rid  of;  but  we  have  no  right  to  assume  that 
they  cannot  be  eliminated  under  any  circumstances.  Lal>orat()ry 
ex[>eriment8  are  of  very  little  use  to  us  here.  We  are  quite 
incapable  of  determining  beforehand  what  may  or  may  not  take 
place  in  a  granite-diorite   shear-zone,  where  the  rook  is  cruKhed 

*  Since  the  above  was  written,  tho  "Annals  of  British  Geology"  for  1893  has 
ai)p(fared,  in  which  the  Rev.  J.  F.  Blako  (p.  xxi)  fallH  into  the  juitonishiup  error  of 
attributing^  to  me  the  precisely  opposite  opinion.  It  is  not  surprising  that  new 
views  should  make  slow  progress  when  they  arc  thus  misunderstood  and  mis- 
represented. 
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into  microsoopio  lentioles,  satnrated  with  mineral  solutions,  and 
raised  sometimes  to  the  point  of  fusion.  If  a  diorite  oan  be  traced 
without  a  break  into  a  reconstructed  acidic  rock,  in  which  the 
proportions  of  alumina  and  magnesia  have  been  reduced,  I  conceive 
that  we  are  justified  in  concluding  that,  under  enormous  pressures 
and  at  high  temperatures,  certain  chemical  changes  are  brought 
about  which  are  not  produced  under  ordinary  conditions.  I  do 
not  think  I  can  fairly  be  called  upon  to  demonstrate  the  exact 
mode  of  operation.  It  is  a  step  in  advance  to  prove  that  the  thing 
has  been  done ;  how  it  has  been  done  is  a  further  question. 

I  may  point  out  that  there  are  at  Malvern  two  principal  types 
of  gradation  between  diorite  and  an  acidic  gneiss.  In  the  Bagged 
Stone  Hill  type — (1)  the  rock  has  been  crushed  into  a  laminated 
mylonite  previous  to  refusion  and  reconstruction;  (2)  the  shears 
zone  contains  no  granite-veins,  though  a  few  felsite-veins  are 
present;  and  (3)  magnesia,  but  not  alumina,  has  been  eliminated, 
so  that  the  resulting  gneiss  is  highly  micaceous.  In  the  Swingard^^, 
Hill  type — (1)  the  rock  becomes  progressively  sheared  towards  the 
fusion-band,  and  mylonite  is  not  produced ;  (2)  the  diorite  is  inter* 
laced  with  countless  granite- veins ;  and  (3)  both  magnesia  and 
alumina  being  eliminated,*  the  result  is  a  quartzose  gneiss  or 
gneissoid  quartzite. 

The  diorite  of  the  first  type  is  a  granitoid  variety  (my  Na  3) ; 
in  the  second  series,  it  is  medium-grained  (my  No.  1).  The 
chemical  composition  of  both  varieties  is  substantially  the  same. 
The  difiference  of  behaviour  under  crushing  may  have  something 
to  do  with  the  greater  or  less  compactness  of  the  rock,  the  more 
compact  kind  more  readily  slicing  into  lenticles  while  shearing. 
Why  alumina  is  sifted  out  in  the  one  case  and  not  in  the  other, 
there  is  not  sufficient  evidence  to  determine. 

I  have  been  quite  alive  to  the  alternative  view  that  the  diminution 
in  the  percentage  of  alumina  may  be  due,  not  to  the  going  out  of 
alumina,  but  to  the  coming  in  of  silica.  If  this  were  admitted,  it 
would  not  affect  the  main  contention  of  this  paper — that,  as  a  matter 
of  fact,  the  diorite  does  pass  into  an  acidic  gneiss.  Furthermore,  it 
would  confirm  another  of  my  conclusions,  that,  in  the  Malvern 
metamorphism,  chemical  energy  has  been  exceptionally  intense ; 
for  this  required  silica  can  only  have  been  supplied  by  the  adjacent 
plutonic  rocks. 

But  the  microscopic  evidence  points  to  the  actual  removal  of 
the  alumina.  If  silica  had  been  introduced,  it  would  appear  as 
an  intruder  amongst  crystals  of  felspar,  mica,  etc. ;  but  the  slides 
show  nothing  of  the  kind.  The  quartz  appears  as  blebs  and 
granules  within  the  contours  of  the  felspar-crystals.  Or  it  entirely 
takes  the  place  of  the  felspar,  while  the  general  shape  of  the  crystal 
is  retained,  and  frequently  traces  yet  remain  of  a  micaceous  sheath 
to  the  crystals.  Or  several  of  the  felspars  are  replaced  by  silica, 
and  yet  scraps  of  the  biotite  survive  amidst  the  quartz  to  outline 
the  position  of  former  felspar-crystals. 

^  In  addition,  of  course,  to  other  bases. 
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These  facts  appear  to  make  it  highly  probable  that  alumina  has 
been  eliminated ;  but  I  wish,  in  concluding,  to  again  point  out  that 
the  removal  of  this  base  is  not  vital  to  my  general  conclusion. 
I  regard  it  as  certain  that  the  diorite  has  become  highly  acidic, 
whether  by  combined  elimination  of  bases  and  introduction  of  silica 
or  by  elimination  only. 

Yll. — Peouuab  Ogcurbencb  of  Land  and  Fbesh- water  Shells  in 

THE  Lincolnshire  Oolite. 

By  Bbbbt  Thompson,  F.C.S.,  F.G.S. 
(With  a  page  Section.) 

IN  the  latter  part  of  1893  Mr.  Albert  Wallis,  of  Brigstock,  in 
Northamptonshire,  incidentally  told  me  that  he  had  found 
Bome  well-known  land  shells  in  the  Lincolnshire  Oolite  at  Brigstock. 
The  section  from  which  these  shells  came  I  knew  quite  well,  and 
Mr.  Wallis  was  well  acquainted  with  recent  shells,  so  it  seemed 
important  to  ascertain  in  what  manner  they  found  their  way  into 
the  Oolitic  Beds.  Having  talked  the  matter  over  with  my  friend 
Mr.  Lionel  E.  Adams  (Treasurer  of  the  Conchological  Society  of 
Great  Britain),. we  decided  to  go  over  to  Brigstock,  and  examine 
the  section  and  the  shells,  and  arrive,  if  possible,  at  some  explanation 
of  their  peculiar  position.  Accordingly,  on  June  16  of  last  year, 
we  met  Mr.  Wallis  there  for  the  purpose  indicated. 

The  district  in  which  Brigstock  is  situated  has  been  described  by 
Prof.  Judd  ^ ;  but  in  his  Memoir  two  different  sections  are  referred 
to  as  at  Brigstock  Mill  (see  pp.  101,  149,  and  191).  That  described 
on  page  149  is  the  one  that  we  are  concerned  with,  and  is  the  one 
to  which  the  term  Brigstock  Mill  most  appropriately  belongs,  for  it 
is  quite  close  to  an  old  windmill,  on  the  road  towards  Stanion, 
ie,  on  the  north-west  of  Brigstock,  and  about  a  mile,  or  less,  from 
the  village. 

The  section  Prof.  Judd  describes  on  pp.  101  and  191  of  his 
"Geology  of  Rutland,"  Lord  Lyveden's  pits,  I  find  was  coramonly 
known  as  the  "  brick-kilns,"  and  is  not  now  open ;  it  was  situated 
on  the  north  side  of  the  road  just  about  half  way  between  Brigstock 
and  Stanion. 

Description  of  Inferior  Oolite  Section  at  Brigstock  Mill. 

1.  The  upper  part  of  the  section  consists  of  soil.  Boulder-clay, 
and  gravel.  The  Boulder-clay  is  scarcely  distinguishable  from  the 
Boil  above,  except  perhaps  that  it  is  a  little  redder  and  stiffer ;  but 
both  contain  very  numerous  pebbles  and  fragments  of  flint  and 
chalk,  such  as  are  usually  found  in  the  '*  drift "  of  the  district.  In 
places  the  stones  are  so  numerous  as  to  almost  constitute  a  gravel. 

2.  Under  the  above,  for  a  variable  distance  vertically,  everything 
is  very  confused — Boulder-clay,  stones,  fine  sand,  and  shelly  oolite 
being  very  much  mixed  up,  and  consequently  the  junction  with  the 
true  Oolitic  Beds  below  is  very  irregular.    The  thickness  of  this  part 

*  "  The  Greology  of  Butland,^'  etc.,  by  John  W.  Judd.  Memoirs  of  the  Geological 
Surrey,  1876. 
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nay  be  three  or  fonr  feet;  but  it  thins  ont  oonsiderably  towards  the 
dJAcent  road. 

3.  llie  Linoolnshire  Oolite  here  belongs  to  the  so-called  '*  shelly 
aoies"  (Jadd),  that  is,  it  consists  almost  wholly  of  small  shells 
*r  fragments  of  shells,  mostly  water-worn,  or  encrusted  with 
urbonate  of  lime,  so  that  all  trace  of  the  finer  ornamentation  is 
ost,  together  with  concretions  not  obviously  connected  with  the 
helly  character.  Gasteropods  are  more  numerous  than  any  other 
orm  of  fossil. 

[At  some  places  in  the  neighbourhood  the  fossils  of  this  **  shelly 
aoies "  of  the  Lincolnshire  Oolite  are  better  preserved,  and  it  was 
rom  such,  near  to  Weldon,  that  so  many  of  the  forms  recently 
lesoribed  by  Mr.  Hudleston,  in  his  Monograph  on  the  Inferior  Oolite 
Gasteropoda,  came.] 

The  upper  portion  of  the  Oolite  is  soft  and  sandy-looking,  and 
lan  be  picked  out  quite  easily  with  a  knife.  The  lower  portion  is 
uostly  harder,  more  compact,  and  even  somewhat  crystalline;  and 
lodular  or  hummocky  masses  of  this  rise,  in  places,  into  the  softer 
(one  above.  The  entire  thickness  exposed  is  as  variable  as  the 
ilay  and  soil,  etc.,  resting  on  it,  but  in  the  deepest  part  reaches 
line  or  ten  feet. 

4.  Here  and  there  in  the  section  are  gullies,  or  ''pipes,"  filled  in 
rith  Boulder-clay  or  gravel;  they  begin  in  the  confused  layers  (2), 
nd  mostly  reach  below  the  present  working. 

The  page  section  illustrating  this  paper  has  been  produced  from 

coloured  diagram  kindly  made  for  me  by  Mr.  Wallis  last  summer, 
894,  and  is  a  record  of  his  personal  observations. 

The  section  is  really  worked  as  a  gravel-pit,  and  the  finer  oolitic 
laterial,  when  screened,  appears  to  be  veiy  good  for  garden  paths 
nd  such  like  purposes.  It  appears  that  the  villagers  have  a  right 
3  the  gravel,  whereas  the  soil  above  is  private  property,  and  so 
flings  are  in  a  peculiar  position,  and  the  privilege  of  digging  gravel 
I  greatly  curtailed. 

The  recent  shells  that  have  been  found  at  Brigstock  all  occurred 
1  the  limestone,  at  four  or  five  different  places,  some  distance  apart 
orizontally,  and  at  variable  depths.  The  first  and  chief  find  was 
t  a  spot,  now  enclosed  and  covered  in  by  a  hen-shed,  some  ten  feet 
elow  the  surface  of  the  ground,  and  seven  feet  below  the  upper 
nrface  of  the  limestone.  Here  the  shells  occurred  in  a  little  patch 
f  clay,  quite  unconnected  with  the  surface  or  the  Boulder-clay,  so 
%T  as  could  be  ascertained ;  that  is,  they  were  not  found  in  or  near 
J  one  of  the  "  pipes  "  previously  referred  to. 

The  shells  that  have  been  found  are,  or  were  at  first,  fairly 
lerfect,  although  extremely  fragile,  and  bleached.  They  include 
be  following  species : — 

ffelix  nemoi'alU  or  arbustorum  ? 
Pupa  marginata. 
IHHdium  pMiUum. 

rhe  shells  were  named  by  Mr.  Lionel  E.  Adams,  but  one  or  two 
vere  submitted  to  Mr.  J.  W.  Taylor,  of  Leeds,  for  confirmation. 

DSCAOS   IV. — ^TOL.   U. — ^2fO.   Y.  \& 


Succinea  putrit. 
Cwhlieopa  luMea, 
Eelix  puleheUa, 
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Next  oome  the  interesting  qaeetiong  of  how  and  when  theee  fthelle 
got  embedded  in  the  limeetone.  To  the  question  how  ?  we  oan  give 
a  fairly  definite  answer.  The  upper  part  of  the  Lincolnshire  Oolite, 
for  at  least  as  far  down  as  these  shells  were  found,  must  have  been 
disturbed  and  re-deposited  bj  water,  or  ice  and  water,  and  the  shells 
introduoed  at  this  time ;  for  although  they  have  been  found  at  four 
or  five  plaoes,  in  none  of  these  was  there  any  crack  or  pipe  leading 
to  the  surface,  through  which  they  could  have  made  their  way  down« 
even  supposing  such  fragile  shells  could  have  survived  the  journey^ 

The  "pipes"  or  gullies  containing  clay  and  stones  have  been 
particularly  searched  for  these  shells,  but  without  reward;  this  is 
not  8uq)ri8ing,  for  the  ''pipes"  are  not  wide  enough  (they  vary 
from  a  few  inches  to  a  foot  at  the  most)  for  the  matter  in  them  to 
have  been  precipitated  down  in  mass,  even  supposing  they  were  at 
any  time  open  tubes  or  crevices.  Besides,  it  is  pretty  certain  that 
these  *'  pipes  "  were  slowly  made  and  enlarged  by  water  percolating 
from  the  surface  to  the  springs  at  the  base  of  the  Oolitic  series,  so 
that  all  the  material  now  filling  them  has  gradually  got  in  and 
worked  itself  down.  Nearly  all  the  flatter  stones  in  them  are  on 
edge,  a  position  they  would  naturally  assume  in  making  their  way 
down  in  the  manner  indicated,  because  it  is  the  one  offering  least 
resistance  to  their  passage. 

It  is  unlikely  that  fragile  shells  could  have  survived  the  pro- 
tracted jouruey  involved  by  this  explanation,  even  if  introduced  at 
any  period,  at  the  top,  enclosed  in  a  matrix  of  clay  or  soil.  It  is 
almost  certain,  however,  that  the  ''pipes"  are  much  newer  than 
the  period  of  the  introduction  of  the  shells  into  the  limestone  (see 
below). 

Having  arrived  at  the  conclusion  that  a  re-deposition  of  the 
Oolitic  Beds,  as  far  down  as  the  shells  were  found,  was  a  necessary 
corollary  to  their  being  so  found,  a  particular  search  was  made  for 
other  evidences  of  it,  and  we  found,  without  difficulty,  here  and 
there  in  the  Oolite,  about  aa  low  down  as  the  shells  were  found,  hui 
no  lower,  pebbles  and  small  pieces  of  flint  similar  to  those  found  in 
the  "drift"  above.  Very  likely  the  hummocky  masses  of  indurated 
limestone  previously  referred  to  (3)  indicate,  where  they  occur,  the 
depth  to  which  the  disturbance  which  permitted  of  the  introduction 
of  the  shells  extended. 

llie  question  of  when?  this  re-deposition  occurred  is  a  more 
difficult  problem  to  solve.  I  can  find  no  record  of  the  occurrence 
of  these  land  and  fresh-water  shells  in  any  of  the  Glacial  deposits, 
yet  it  would  appear  that  they  cannot  be  more  recent  than  the  Glacial 
period.  I  would  offer  the  following  hypothesis  on  the  subject :  The 
animals  that  formerly  inhabited  these  shells  lived  in  the  district 
near  to  where  they  are  now  found  prior  to  the  Glacial  period,  and 
their  habitations  got  gradually  buried  in  the  soil  or  clayey  subsoil ; 
from  this  position  they  were  moved  with  masses  of  the  underlying 
rock  by  the  advancing  ice,  and  mixed  with  material  from  other 
districts,  thus  forming  the  oldest  Glacial  deposits  of  the  district,  of 
which  scarcely  a  trace  in  its  original  form  now  exists.     During  the 
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period  known  as  ''  Inter-Glaoial  *'  the  melting  of  the  ioe  prodaoed 
•trong  onrrents  of  water  whioh  washed  away  most  of  the  argillaceous 
matter  of  this  early  Boulder-olay,  leaving  only  the  ooarser  material, 
snch  as  sand  and  gravel,  and  even  baring  and  disturbing  the  under- 
lying rook,  and  re-depositing  its  material.  It  is  not  impossible  for 
the  shells  we  are  oonsidering  to  have  been  preserved  during  all  this 
time,  if  surrounded  by  a  matrix  of  clay,  for  beautifully  preserved 
fossils  (derived)  are  often  found  in  the  Boulder-clay,  and  I  have 
even  found  them  in  the  gravels  below,  though  rarely. 

The  disturbance  and  re-deposition  of  the  Lincolnshire  Oolite 
present  no  difficulties,  for  there  are  other  instances  of  re-deposited 
beds.  A  considerable  area,  not  far  from  Northampton,  is  covered 
by  re-deposited  and  finely-washed  Northampton  sand,  and  this  has 
Boulder-day  above  it,  and  so  is  older  than  the  latter. 

I  have  oarefully  examined  a  very  similar  section  to  the  one 
referred  to  in  this  paper,  situated  at  Little  Oakley  (see  Judd*s 
**  Geology  of  Rutland, '  p.  191),  and  so  has  Mr.  Wallis,  but  there  was 
no  evidence  of  re-deposition,  and  no  shells  could  be  found.  At  this 
place  a  stream  enters  the  pit  from  below  the  Oolitic  Beds  and  passes 
out  under  the  same,  and  no  doubt  discharges  into  the  Harper  Brook 
not  far  away. 

I  may  say,  in  conclusion,  that  a  fluviatile  origin  for  the  shells  was 
considered,  and  regarded  as  untenable. 

YIII. — On  a  Sandt  Ironstone  ocgurrinq  above  the  Chalk  at 

Capbl,  near  Dover. 

By  Frank  Rutley,  F.G.S.  ; 
I^ecturer  on  Mineralogy  at  the  Royal  College  of  Science,  TiOndon. 

BETWEEN  Dover  and  Folkestone  there  are  certain  deposits  of 
ferruginous  sandstone  or  sandy  ironstone,  well  known  to 
geologists,  and  somewhat  doubtfully  referred  to  some  portion  of  the 
crag.  They  may  be  the  equivalents  of  the  Lenham  Beds,  which 
are  assumed  to  be  the  lower  part  of  the  Coralline  crag,  and  which 
have  been  correlated  with  the  Diestian  Beds  of  Belgium.  This, 
view  is  entertained  by  Prof.  Prestwich,  Mr.  Clement  Reid,  and 
others,  and  is  based  upon  palceontological  evidence  (chiefly  from 
Lenham,  near  Maidstone),  from  which  locality  Mr.  Reid  procured 
casts  of  the  following  fossils :  ^ 

Peetunettlut  glyeimerit 
JJiplodonta  rotundata 
Terebraiula  grandia^  etc. 

On  the  other  hand,  some  geologists,  including  the  late  Mr.  H.  W. 
Bnstow,  Mr.  W.  Whitaker,  and  the  late  Mr.  W.  Topley,  have  been 
inclined  to  regard  these  deposits  as  coeval  with  the  Lower  London 
Tertiary  and  possibly  as  equivalents  of  the  Oldhaven  or  Woolwich 
Beds. 

Be  this  as  it  may,  no  one  yet  appears  to  have  inquired  into  the 
microscopic  character  of  these  highly  ferruginous  deposits. 

A  section  made  from  a  specimen  of  sandy  ironstone,  which   I 

^  The  Pliocene  Deposits  of  Britain,  1890,  p.  42. 
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collected  yean  ago  at  Capel,  near  Dover,  shows,  under  the  miorcM 
scope,  that  it  is  composed  almost  exclusively  of  quarts-sand  and 
limonite.  The  latter  substance,  which  appears  of  a  deep  brownish* 
red  colour  in  reflected  light,  does  not  exhibit  any  pisolitio  or  other 
structure,  but  is  simply  an  amorphous  cement  whidi  holds  together 
numbers  of  minute  grains  of  quartz*sand,  some  of  which  are  rounded, 
while  a  large  proportion  of  them  are  sharply  angular.  Hero  and 
there  a  small  grain  of  felspar,  of  somewhat  turbid  aspect,  shows  in 
convergent  light  a  dark  brush  or  the  cross  of  a  bisectrix,  which 
separates  into  dark  brushes  on  rotation,  but  such  grains  are  of 
comparatively  rare  occurrence,  and  the  sand  of  the  deposit  may, 
therefore,  be  regarded  as  an  almost  pure  quartz-sand.  In  these 
grains  fluid  lacunse,  containing  bubbles,  may  be  detected  under  high 
powers,  and  occasionally  small  rod*like  crystals  may  be  seen  as 
inclusions  in  a  quartz-grain.  These  appear  in  many  oases  to  be 
rutile. 

The  question  naturally  arises  whence  this  fine  quartz-sand  came. 
We  meet  with  none  of  the  grains  which  are  composite  in  character, 
that  is  to  say,  there  are  no  fragments  composed  of  agglutinated 
gprains  such  as  one  would  expect  to  meet  with  if  the  material  had 
resulted  from  the  immedtate  disintegration  of  a  quartzite  or  schist, 
neither  are  these  grains  composed  of  two  or  three  adherent  crystals 
of  diffierent  minerals  such  as  would  come  from  the  immediate  die* 
integration  of  a  granite  or  other  eruptive  rock.  The  fact  that  there 
is  comparatively  little  attrition  involved  in  the  transport  by  water 
of  such  minute  grains  would  sufficiently  account  for  the  sharply 
angular  character  of  a  large  proportion  of  them.  There  is,  con- 
sequently, nothing  to  prove  that  they  may  not  have  travelled  a  long 
distance.  That  they  were  originally  derived  from  the  disintegration 
of  eruptive  rocks  is  tolerably  certain,  but  it  is  more  than  probable 
that  such  material  subsequently  entered  into  the  composition  of  some 
sedimentary  rock,  a  sandstone,  or  a  quartzite,  and  that  it  is  from  the 
disintegration  of  some  such  rock  that  the  sand  in  question  has  been 
more  immediately  derived. 

According  to  Dr.  Sorby,  about  one-third  of  the  grains  constituting 
the  Hastings  Sand,  at  Hastings,  are  rounded  by  attrition.^  This 
seems  to  be  about  the  proportion  of  rounded  grains  in  the  sand  of 
the  ironstone  we  are  now  considering,  and  it  does  not  appear  by  any 
means  improbable  that  these  sand -grains  may  have  been  derived 
either  from  the  detritus  of  certain  beds  in  the  Greensand  of  the 
South-eastern  Counties,  in  which  Dr.  Sorby  detected  an  average  of 
from  ^  to  ^  of  rounded  grains,  or  from  the  Hastings  Sand.  The 
denudation  of  the  Weald  would  have  provided  vast  quantities  of 
such  material,  and  Prof.  Prestwich  considers  ''that  the  anticlinal 
arch  over  the  Wealden  area  had  been  formed  and  the  Chalk  greatly 
eroded,  so  that  in  some  places  the  Greensands  below  the  Chalk  had 
been  laid  bare,  before  even  the  lowest  of  the  Eocene  beds  was 
deposited.''^    It,  therefore,  appears  highly  probable  that  the  sands 

>  Anniversary  Address,  Geol.  Soc.  Lond.  1880,  p.  34. 

'  Jukes'  **  School  Manual  of  Geology,''  4th  edition,  edited  hy  A.  J.  Jukes- 
JBrowne,  p.  334. 
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teflting  on  the  Chalk  at  Capel,  Lenham,  and  elsewhere  in  Kent, 
have  been  derived  from  detritus  supplied  by  the  denudation  of 
Neooomian  strata. 

On  the  other  hand,  that  sands  such  as  these  might  have  been 
directly  derived  from  the  disintegration  of  granitic  rooks,  is  not 
impossible.     Speaking  of  the  quart-z-grains  derived  from  qnartzose 
felsite,  Dr.  Sorby  says:  '*But  very  often  there  is  a  remarkable  round- 
ing of  the  angles,  which  might  easily  lead  anyone  to  think  that  they 
"were  water-worn.     Even  the  grains  of  quartz  derived  from  granite 
sometimes  show  this  character  to  a  less  extent,  but  the  rounding  is 
usually  accompanied  by  small  surface  ridges,  which  clearly  show 
that  their  rounded  form  was  not  due  to  mechanical  wearing." '     This 
phenomenon  is  the  result  of  corrosion  of  the  surfaces  of  the  quartz- 
grains  by  alkaline  solutions  formed  by  the  decomposition  of  the 
felspathio  constituents  of  the  rock,  and  it  therefore  remains  to  be 
decided  whether  the  sand  grains  in  our  ironstone  were  rounded  by 
corrosion  or  by  attrition.     If  the  former,  then  we  may  assume  that 
the  sand  has  been  immediately  derived  from  some  granitic  rock ;  but 
Inhere  it  came  from  is  a  diflBcult  question  to  answer.     If  from  any 
great  distance,  the  material  might  have  been  ice-borne,  but  this  is 
pure  speculation ;   and   from   tlie  absence   of  grains  composed   of 
several  adherent  crystals  or  grains  of  different  mineral  constitution, 
I  am    inclined   to   favour   the  view  that  such   rounding  as  these 
grains  present  is  due  to  attrition,  and  that  they  have  been  derived 
from   sandstones,  probably  of  Neooomian  age.     Under  what  con- 
ditions they  were  deposited  in  post-Cretaceous  times  I  venture  to 
express  no  definite  opinion ;  but  it  seems  hardly  probable  that  the 
cementing  process  took  place  under  the  pressure  of  any  appreciable 
thickness  of  superincumbent  rock,  since  the  quartz-grains  are  more 
or  less  widely  separated  by  the  cementing  material,  a  circumstance 
which  would  seem  to  indicate  that  the  sands  were  subjected  to  little 
or  no  pressure  from  overlying  deposits,  and  consequently  that  the 
ferruginous  matter  of  the  cement  was  not  infiltered  from  superjacent 
strata.     That  the  deposit  is  not  lacustrine  seems  sufficiently  proved 
by  the  fossils  which  have  been  found  in  it. 


IX. — The  Tower  of  Eooles-by-the-Sia. 
By  Rev.  E.  Hill,  F.G.S. 

THE  church-tower  of  Eccles-by-the-Sea,  on  the  coast  of  Norfolk, 
once  buried  in  the  moving  sand-dunes,  has  been  rendered 
classical  by  Lyell  through  his  description  of  it  in  his  *'  Principles.'' 
Such  a  monument  should  surely  not  be  allowed  to  pass  away 
without  an  obituary  notice. 

Lyell  gives  drawings  of  its  appearance  in  1839  and  in  1862.  In 
April  1893  Professor  Bonney  and  1,  while  at  Oromer,  paid  a  visit  to 
it,  making  measurements  and  sketches.  The  foot  of  the  tower  was 
then  about  thirty  yards  from  a  neap-tide  high-water  mark,  and 
its  level  scarce  four  feet  above:  spring-tides  must  have  nearly  or 

^  Op.  eit,  pp.  21,  22. 
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qaite  reached  it.  After  our  Tisit  a  gale,  in  Noyember  1898,  bared 
the  foandations  of  the  church :  plans  were  made,  which  have  been 
preserved.  On  Wednesday,  January  23rd,  1896,  a  atorm  aroM, 
described  by  a  resident  as  beyond  anything  he  bad  seen.  At 
six  p.m.  the  waves  were  breaking  furiously  against  the  tower  and 
their  spray  was  flying  over  its  summit.     At  seven  it  bad  fallen. 

The  line  of  sand-hills  forms  a  defence  against  the  sea  for  a  level 
tract  of  cultivated  country  behind.  My  sketch  indicates  a  breadth 
of  about  twenty  yards  for  this  rampart  and  a  height  of  some  twenty 
or  thirty  feet  An  account  says  that ''  the  havoc  to  the  sand-banks 
baffles  description  ....  they  are  not*  half  their  original  siase  in 
breadth  and  height  ....  the  sea  overflowed  the  gap- way  and  the 
manor  house  was  in  danger  of  being  inundated  ....  Ecdea  has 
had  a  very  narrow  escape  of  the  catastrophe  which  happened  in 
1G05,  when  hundreds  of  acres  of  land,  with  sixty-six  houses  and 
their  inhabitants,  were  swept  away  in  one  night" 

Lyell  adduces  this  ancient  ruin  among  his  evidences  of  the 
encroachment  of  the  sea  on  the  eastern  coasts  of  England.  Bis 
figures  appear  faithful,  for  the  appearance  and  dimensions  of  the 
sand-dunes  at  our  visit  were  just  the  same  as  in  them.  The  figure 
of  1 839  shows  the  tower  emerging  from  the  very  centre  of  the  line 
of  sand-hills.  That  of  1862  shows  it  nearly  free  of  them  on  their 
seaward  face,  at  a  distance  from  their  centre  about  equal  to  its  own 
height  As  its  height  was  about  forty  feet  this  might  indicate  that 
the  sand-hills  had  travelled  inland  about  forty  feet  in  twenty-three 
years.  At  our  visit  in  1893  we  found  the  line  of  dunes  entirely 
separated  from  the  tower,  and  we  measured  its  distance  from  their 
centre  as  about  thirty  yards,  which  gives  an  advance  of  ninety  feet 
in  fifty-four  years.  Lyell  alludes  to  the  possibility  of  a  subsidence 
in  the  coast,  but  this  is  not  required  to  explain  the  march  of  the 
sand-dunes. 

I  have  to  thank  Professor  Bonney  for  the  loan  of  his  notes,  and 
the  Rev.  J.  S.  Whitney  for  an  answer  to  enquiries,  and  for  an  extract 
from  the  **  Eastern  Daily  Press  "  of  January  26th,  1895,  containing 
an  account  of  the  event 


^^  lit 


X. — On    the    Genus    Plutosides    (non    Plutonia)    fbom    the 

Cambrian  Rocks  of  St.  David's. 

By  Henry   Hicks,   M.D.,   F.R.S.,   F.G.S. 

QUITE  recently,  Mr.  B.  B.  Woodward,  F  G.S.,  of  the  British 
Museum  (Natural  History),  called  my  attention,  for  the  first 
time,  to  the  fact  that  the  name  Plutonia^  which  I  adopted  for 
a  genus  of  Trilobites  in  1868,  had  previously  been  used  by  Stabile 
(Atti.  Soc.  Ital.  Sci.  Nat  vii,  p.  121,  1864)  for  a  genus  of  Mollusca. 
As  Stabile's  generic  term  has  therefore  a  priority  of  four  years  it 
is  necessary  that  I  should  rename  the  Trilobite,  and  it  has  been 
suggested  to  me  by  Mr.  Belinfante,  B.Sc.,  Assist.  Sec.  Geol.  Soc., 
that  PhUonides  would  be  the  most  suitable  term  and  the  one  least 
likely  to  lead  to  confusion.  In  the  Report  of  the  British  Association 
r  1868,  p.  69,  where  the  genus  is  first  mentioned,  after  describing 
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tbe  beds  in  whioh  it  ooonn  I  refer  to  it  as  follows :  "The  new  genus, 
for  which  the  author  proposes  the  name  Flutonia,  is  only  known  to 
ooour  in  these  beds.  This  remarkable  fossil  is  of  very  large  size, 
equalling^  indeed,  in  this  respect  Faradoxidei  Davidi$.  It  is, 
perhaps,  also  more  nearly  allied  to  the  genus  Paradoxide$  than  to 
any  other  known,  but  its  peculiar  character  of  being  covered  all 
over  with  very  strong  tnberoles,  associated  with  an  unusual  position 
for  the  eye  suture,  and  straight,  very  long  thoracic  pleursB,  is 
sufficient  to  stamp  it  a  new  and  distinct  genus." 
.  It  was  more  fully  described  by  me  afterwards  in  the  Quart.  Journ. 
Geol.  See.  vol.  xxvii,  p.  399,  as  PluUmia  Sedgmckii.  One  species 
only  has  been  discovered  and  no  complete  specimen.  As  mentioned 
above  it  resembles,  in  some  particulars,  the  genus  Paradoxides  ;  but 
I  know  of  no  species  in  that  genus  which  has  such  wide  plursB,  or 
such  a  pronounced  ornamentation  on  all  parts  of  the  body.  The 
pygidium  has  not  been  found ;  but  some  fragments  which  have 
turned  up  seem  to  indicate  that  it  approached  more  nearly  that  of 
Anopolenui  than  to  Paradaxide$.  FltUonidei  greatly  exceeded  in 
size  any  specimens  of  Anopolenus  yet  discovered,  as  portions  of  the 
body,  which  I  obtained,  show  that  it  could  not  have  been  less  than 
seven  inches  across  at  its  greatest  width,  or  one  inch  wider  than  the 
largest  Faradoxidei  found  by  us  at  St  David's,  now  in  the  Museum 
of  the  Geological  Society.  Its  length,  however,  would  evidently  be 
less  than  Faradoxidee,  with  fewer  segments  to  the  thorax. 


I^  IB  V  IIB  ^W  S. 


1.  —  Collected  Papers  on  some  Controverted  Questions  of 
Geology.  By  Joseph  Prestwich,  D.C.L.  (Oxon),  F.R.S.,  F.G.S. 
(London  :  Macmillan  &  Co.,  1895.     8vo,  pp.  xii  and  280.) 

THE  book  before  us  consists  of  a  series  of  articles,  the  subjects  of 
which  have  occupied  the  author's  attention  during  many  years, 
and  concerning  some,  if  not  all,  of  which  he  is  more  or  less  at 
issue  with  many  of  his  fellow-geologists.  *'With  respect  to  the 
main  facts  of  geology,"  says  Professor  Prestwich,  "we  geologists 
are  in  general  of  cue  opinion,  but  with  respect  to  the  explanation  of 
many  of  those  facts,  we  hold  very  divergent  opinions.*' 

Article  1  treats  of  **The  Position  of  Geology,"  and  is  directed 
against  the  prevailing  school  of  geologists  in  this  country  who  hold 
the  doctrine  of  Uniformity — uniformity  of  action  both  in  kind  and  in 
degree  throughout  all  geological  time;  and  the  Continental  school 
who  hold  uniformity  in  kind  or  laWt  but  not  uniformily  in  degree. 

The  points  touched  upon  embrace  the  rate  of  sedimentation, 
calculated  upon  the  transporting  power  of  rivers,  which  are  estimated 
to  lower  the  level  of  the  land  one  foot  in  6000  years,  or  one  thousand 
feet  in  6,000,000  years.  The  author  remarks  that  the  rate  might 
be  doubled  if  the  calcareous  matters  held  in  solution,  as  well  as 
the  matter  held  in  suspension,  were  taken  into  account.  Professor 
Prestwich  also  objects  to  a  mean  rate  of  elevation  of  land  at  2^  feet 
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in  a  oentnry  taken  from  the  ooast  of  Norway,  when  at  the  North 
Cape  it  is  as  much  as  five  feet  in  a  oentnry. 

He  refers  to  the  vast  antiquity  of  man,  based  on  his  contem- 
poraneity with  the  extinct  mammalia  and  the  recurrence  of  Glacial 
periods,  but  whilst  he  condemns  the  needless  demands  of  glaoialists 
who  fix  the  disappearance  of  Palasolithic  man  and  the  Quaternary 
fauna  at  80,000  years  back,  he  states  that  it  is  possible,  on  other 
grounds,  that  the  antiquity  of  man  will  have  to  be  carried  back 
further  into  the  Glacial  period  (see  footnote,  p.  8). 

Other  estimates  of  time  are  based  on  the  Westleton  marine  shinf^e- 
bed,  Bucks,  at  600  feet  above  o.d.,  and  the  same  bed  in  Snffi>lk 
occurring  at  sea- level ;  on  the  Moel  Tryfaen  shell-bed  at  1400  feet 
elevation,  estimated  at  88,000  years;  and  the  raised  beaches  of 
Norway  200  to  600  feet,  assumed  to  be  from  8000  to  24,000  years 
old.  From  the  Westleton  bed  he  argues  that  the  time-estimates, 
based  on  the  other  raised  beds,  are  worthless,  in  which  we  cordially 
agree. 

Professor  Prestwich  then  protests  against  those  physicists  who 
maintain  the  theory  of  a  rigid  crust-,  and  cites  the  modem  raised 
beaches,  etc.,  as  evidence  in  refutation  of  such  a  view.  He  also 
doubts  the  assumption  of  a  solid  crust  of  800  to  2500  miles  in 
thickness,  and  prefers  to  leave  it  an  open  question,  and  suggests  that 
it  is  probably  not  more  than  20  to  30  miles  thick. 

Article  2  is  devoted  to  "  Considerations  on  the  date,  duration,  and 
conditions  of  the  Glacial  Period,  with  reference  to  the  Antiquity  of 
Man."  Here  the  author  makes  use  of  the  data  regarding  modem 
glaciers  and  other  evidence  to  show  that  the  enormous  periods  of 
time  required  by  CroH's  theory  are  uncalled  for,  and  the  evidence 
for  successive  Glacial  epochs  unsatisfactory. 

Professor  Prestwich^s  next  essay  is  *'  On  the  primitive  characters 
of  the  Flint  Implements  of  the  Chalk-plateau  of  Kent,  with  referenoe 
to  the  question  of  age  and  make.**  This  article  is  illustrated  by 
twelve  plates  of  worked  flints,  showing  the  various  characteristic 
forms  that  are  relied  upon  by  the  author  to  establish  the  presence 
of  man  antecedent  to  the  time  when  these  implementiferous  flint- 
gravels  were  formed,  and  long  antecedent  to  that  when  the  present 
valley-system  had  been  excavated. 

The  fourth  article,  **  On  the  Agency  of  Water  in  Volcanic  Eruptions, 
and  on  the  primary  cause  of  Volcanic  Action  "  (illustrated  by  plate 
xiii),  is  followed  by  one  **0n  the  thickness  and  mobility  of  the 
Earth's  Crust  from  the  geological  standpoint";  the  sixth  and  last 
being  "On  Underground  Temperatures — with  observations  on  certain 
causes  which  influence  the  conductivity  of  rocks ;  on  the  thermal 
effects  of  saturation  and  imbibition ;  and  on  a  source  of  heat  in 
mountain-ranges,  as  affecting  some  underground  temperatures."  ^ 

'  It  may  interest  some  of  our  readers  to  know  where  these  articles  first  appeared. 
Art.  1  appeared  in  the  "Nineteenth  Century"  for  October,  1893,  p.  651.  Art  2, 
in  the  Quart.  Joum.  Geol.  Soc.  August,  1887,  vol.  xliii,  p.  393.  Art.  3,  in  the 
'*  Journ.  Anthrop.  Inst.**  for  1892,  p.  246.  Art.  4,  Proc.  Roy.  Soc.  April,  1886, 
p.  117.     Art.  6,  ibid.  April,  1888,  p.  166.    Art.  6,  ibid,  1886,  p.  1. 
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The  BIX  artioles  make  a  very  useful  and  readable  volame,  which 
every  geologist  should  possess.  Tliey  are  full  of  valuable  facts  and 
^^g^B^ions,  and  are  the  result  of  long  years  of  patient  and  careful 
observations  and  study  by  one  of  the  most  able  geologints  of  this 
oentury;  and,  although  we  may  not  agree  with  the  author  in  all 
bis  views,  we  cannot  but  feel  interested  in  the  subjects  he  so  ably 
laya  before  us. 

IL — Turn  Fossil  Insbots  of  thk  Pbimart  Pbrtods.  By  Dr. 
Charles  Brononiart,  of  the  Natural  History  Museum,  Paris. 
(Kecherches  pour  servir  h  I'histoire  des  Inseotes  Fossiles  dea 
Temps  Priraaires).     St  Etienne,  1894.' 

THIS  valuable  monograph  is  the  result  of  sixteen  years*  continuous 
devotion  on  the  part  of  the  author  to  the  study  of  that  remark* 
able  PalsBOsoio  insect  fauna,  so  wonderfully  preserved  in  the  fine 
Coal-shales  of  the  Commentry  Collieries,  situated  in  the  Department 
of  the  AUier,  Central  France. 

Some  fifty  or  sixty  years  ago  the  acknowledged  rarity  of  fossil 
insects  in  strata  older  than  the  Wealden  or  Lias,  and  their  unrecorded 
existence  in  Paladozoio  rocks,  naturally  led  to  false  assumptions  to 
acoount  for  their  absence;  climatic  conditions  being  alleged  as 
noxious  and  unfavourable  to  air-breathing  animals.  Since  that 
period,  however,  isolated  discoveries  in  the  Coal-measures  of 
England,  Germany,  and  America  have  shown  how  unsafe  it  is  to 
generalize  from  negative  evidence  in  speculations  of  this  kind. 

It  has  been  reserved  to  one  favoured  locality  in  a  circumscribed 
area  of  Central  France  to  furnish  more  specimens  of  fossil  insects 
and  in  a  better  and  more  complete  condition  than  in  all  the 
previously  known  localities  of  the  world  put  together,  thus 
showing  that  insects  were  abundant,  as  might  have  been  anticipated 
from  the  rich  forest  growth  of  the  period,  and  that  the  existence 
of  insect  feeders  as  Spiders,  Scorpions,  and  insectivorous  forms  of 
Beptilia  might  also  have  been  prognosticated. 

The  discoveries  at  Commentry  are  entirely  due  to  M.  Henry  Fayol, 
the  Engineer  and  General  Manager  of  the  Commentry  Coal-pits, 
whose  enlightened  zeal  and  careiul  attention  to  the  fossil  contents 
of  the  strata  in  the  works  under  his  charge  have  yielded  such  ample 
reward. 

One  group  of  these  fossil  insects,  the  largest  in  point  of  number 
of  individuals,  the  family  of  BlattidsB  or  Cockroaches,  is  only 
outlined  in  its  principal  genera  in  the  present  work,  Dr.  Brongniart 
reserving  them  for  a  special  and  more  exhaustive  study  in  a  future 
contribution. 

llie  monograph  is  divided  into  three  parts,  to  which  is  added 
an  atlas  of  plates  forming  a  separate  volume. 

The  first  part  gives  an  historical  account  of  the  works  which  have 
been  already  published  on  fossil  insects,  followed  by  a  bibliographical 

*  Tbis  work  fomu  the  theflis  presented  by  M.  Bron^^iart  to  the  Faculty  of 
Sciences,  Paris,  to  obtain  the  grade  of  Docteur  k»  Sciences  Naturelles,  which  has 
beea  recently  awarded-  him. 
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index  of  autbors  and  referenoeB  brongbt  up  to  date,  $n  extremely 
Taluable  list,  for  muob  of  whiob  tbe  autbor  is  indebted  to  Professor 
Scudder's  Bibliograpby  of  Fossil  Insects  (1882). 

Tbe  seoond  part  consists  of  a  study  or  investigation  of  tbe 
nearation  of  tbe  wings  of  Ztrin^  inseots,  belonging  to  tbe  orders 
Neuroptera,  Ortboptera,  and  Fulgorida,  groups  to  wbiob  tbe 
Palaeozoic  types  seem  to  be  most  nesrly  allied. 

Tbis  portion  of  tbe  work  tbe  autbor  bas  felt  compelled  to  under- 
take for  tbe  more  intelligible  comparison  of  fossil  forms  witb  tbeir 
living  representatives.  Tbe  variety  of  names  given  by  different 
autbors  to  tbe  nervures  and  otber  critical  parts  of  tbe  wing  stnictnro 
bas  caused  mucb  confusion.  Tlie  importance  of  a  clear  and  dis- 
tinctive nomenclature  of  tbe  plan  of  neuration  will  be  recognized 
by  entomologists,  as  tbe  classification  of  fossil  insects  mainly  rests 
upon  tbe  position  and  distribution  of  tbe  nervures  or  veins  of  tbe 
wings,  wbicb  are  too  often  tbe  only  parts  preserved. 

M.  Brongniart  remarks  on  tbis  portion  of  bis  work  tbat  ''we 
liave  now,  tbanks  to  tbis  study  of  tbe  neuration,  a  foundation  on 
wbiob  to  attempt  tbe  description  of  fossil  species,  not  only  of  tbe 
Coal-measures,  but  also  of  all  geological  epochs.  Naturalists  who 
devote  themselves  to  tbe  study  of  fossil  insects  will  be  able  to 
resort  witb  profit  to  our  illustrations,  and  to  our  text  to  establish 
comparisons." 

The  third  part  of  the  monograph  deals  witb  the  specific  object 
of  the  work, — the  Comparative  Study  of  the  Fossil  Insects  of  the 
Carboniferous  rocks  with  living  types,  by  the  light  of  the  numerous 
examples  found  at  Com  men  try,  many  of  which  have  been  so 
nmrvelluusly  preserved  that  we  have  not  only  the  wings  but  also 
different  parts  of  the  body  to  assist  in  identification. 

Mr.  S.  H.  Scudder,  the  eminent  American  entomologist,  who  has 
written  so  much  on  fossil  insects,  in  his  memoir  on  tbe  ''  Affinities 
and  Classification  of  Palaeozoic  Hexapoda,"'  unites  all  the  Coal- 
measure  insects  in  one  great  division,  under  the  name  of  Palaeo- 
dictyoptera  (a  term  previously  employed  by  Goldenberg),  as  he 
considers  they  all  belong  to  extinct  species  and  are  exclusively 
developed  in  Palaeozoic  deposits. 

Dr.  Brongniart,  on  the  contrary,  does  not  agree  witb  tbis  opinion, 
which  he  regards  as  a  too  hasty  conclusion  from  insufficient  and 
fragmentary  materials,  and  says  **  that  Mr.  Scudder,  in  establishing 
this  classification,  had  not  at  his  command  specimens  so  well 
preserved  and  so  numerous  as  mine,  and  that  by  the  stud}*  of  the 
insects  of  Commentry  we  are  able  to  demonstrate  that  the  Palaeozoio 
types  can  be  classified  in  the  orders  created  for  living  species." 

Dr.  Brongniart  recognizes  three  orders :  the  Neuroptera  psendo* 
Ortboptera,  the  Ortboptera,  and  the  Uomoptera,  in  a  group  having 
affinities  with  the  Fulgorida. 

Hie  order  Neuroptera,  the  author  says,  "is  largely  represented 
and  already  affords  at  this  remote  epoch  a  great  variety  of  forniB. 
Some  species  ai*e  of  gigantic  size,  and  at  all  events  it  is  well  to 
^  McmoiiB  of  (he  Boston  Society  of  Natural  History,  toL  iii,  No.  xi,  18S5. 
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bear  in  mind,  that  nearly  all  tbese  insects  surpass  in  size  their 
living  representatives."  Several  families  are  included  in  this  order, 
among  which  are  the  Protephemerida,  whose  nen ration  recalls  that 
of  the  living  Ephemerida  (May-flies),  of  which  they  may  be  con* 
sidered  the  precursors;  and  the  Platypterida,  of  which  the  genus 
iMmproptVia  contains  two  species  of  large  size,  whose  span  of  wing 
attained  some  seven  to  eight  inches,  and  what  is  also  remarkable, 
the  wings  bear  evidence  of  having  been  richly  coloured  and 
ornamented  by  rounded  spots. 

The  family  Protodonata  comprises  species  which  may  be  con* 
■idered  as  the  predecessors  or  ancestors  of  living  LibellulsB  (Dragon- 
flies).  These  ancient  types  were  often  of  gigantic  size ;  one  species, 
of  which  we  have  a  superb  restoration  figured  in  the  atlas,  measured 
about  70  centimetres  or  28  inches  in  the  spread  of  wing,  giving  one 
a  lively  idea  of  these  aerial  giants  of  other  days. 

The  family  Protoperlida  resembles  the  actual  Perlida,  whose  larval 
state  is  passed  in  the  water,  and  while  in  that  condition  their  food 
is  the  larvsB  of  May-flies  and  other  insects.  AH  the  foregoing  are 
insects  with  incomplete  metamorphoses  and  whose  larvse  live  in 
the  water. 

In  the  order  Orthoptera  Dr.  Brongniart  has  placed  all  those 
fossil  insects  which  resemble  living  species  of  the  order.  Thus, 
among  the  Carboniferous  insects  he  identifies  species  which  can  be 
approximated  to  several  existing  families,  such  as  the  Blattidae,  the 
Locnstidsd,  the  AcrididsB,  and  the  PhasmidaB. 

That  these  early  precursors  of  the  Blattidsd,  our  familiar  Cock- 
roaches, were  a  numerous  and  widely  distributed  family  in  the 
foreste  of  the  Carboniferous  epoch  may  be  predicated  from  the  fact 
of  their  remains  having  been  found  in  most  of  the  European  and 
American  Coal-fields ;  but  in  no  locality  have  they  been  met  with 
in  the  same  abundance  and  perfection  as  at  Commentry,  where  nearly 
a  thousand  specimens  have  been  collected  by  M.  Fayol. 

Tlie  Protolocustids,  of  which  numerous  remains  have  been  found, 
appear  to  have  so  close  a  relationship  to  our  living  Locusts  or  Grass- 
hoppers, not  only  in  the  form  and  neuration  of  the  wings  but  also 
in  the  characters  of  other  parts  of  the  body,  that  they  seem,  in 
M.  Brongniart's  opinion,  scarcely  to  have  required  being  placed  in 
a  distinct  family. 

Tlie  Acrididsd  or  Cricket  family  was  also  represented  by  numerous 
individuals,  two  genera  of  which  have  been  distinguished. 

Coming  to  the  last  order  discussed  by  the  author,  the  Homoptera, 
of  which  there  are  but  few  representatives  at  Commentry,  and  these 
differing  in  several  characters  from  existing  types,  have  been  referred 
to  the  group  Fulgorina. 

It  will  be  noted  that  in  this  summary  of  the  fossil  insects  of  the 
Carboniferous  rocks,  no  mention  has  been  made  of  the  Coleoptera 
or  Beetles,  although  certain  insect  borings  found  in  fossilized  wood 
have  been  ascril>ed  to  them.  Had,  however,  beetles  existed  at 
this  remote  epoch,  it  would  be  natural  to  expect  other  authentic 
indications  of  their  presence  than  mere  borings ;  such,  for  exam^le^ 
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as  the  bard  wing-cases  or  elytra,  which  are  by  no  meana  rare  among 
the  insect  remains  of  the  later  Mesozoio  period.  These  ourioos 
and  interesting  borings  have  not  only  been  found  in  the  silioified 
fossil  wood  of  the  French  Ck>al-field  of  the  Loire  but  ihey  also 
occur  in  the  calcareous  nodules,  containing  plant-remains,  of  the 
Lower  Coal-measures  at  Oldham,  near  Manchester.  Although  these 
perforations  simulate  similar  destructive  operations  of  actual  wood- 
boring  beetles,  it  would  be  an  unsafe  conclusion,  without  further 
evidence,  to  pronounce  them  to  be  their  work,  as  they  may  be  due 
to  a  burrowing  larva  of  some  other  and  as  yet  unknown  insect. 

As  might  be  expected,  we  have  no  traces  in  the  Palsdozoio  rocks  of 
the  higher  orders  of  insects,  such  as  the  Lepidoptera  and  Hymeno* 
ptera  (Butterflies  and  Bees). 

The  atlas  of  37  plates  accompanying  the  text  will  be  regarded 
with  especial  pleasure,  not  only  for  the  intrinsic  interest  of  the 
fossils  delineated  but  for  the  beauty  and  clearness  of  execution  of 
the  figures.  The  first  12  plates  are  devoted  to  the  figures  of  the 
neuration  of  living  insects  to  serve  as  terms  of  comparison  with 
fossil  types.  These  drawings  have  been  made  by  the  aid  of  the 
camera  iucida  from  nature  by  M.  Brongniart  and  reproduced  directly 
by  the  heliogravure  process.  The  remaining  25  plates  are  occupied 
with  the  figures  of  the  fossil  insects  of  Commentry,  the  drawings 
of  which  are  mostly  of  natural  size  and  of  scrupulous  fidelity,  due 
to  the  extreme  care  and  labour  expended  on  them  by  the  author. 
Some  of  the  figures  are  photographed  directly  from  the  specimens 
themselves  and  reproduced  in  heliogravure. 

It  is  a  fact  worthy  of  record  and  an  example  to  be  encouraged,  to 
note  that  this  work,  which  appeals  perhaps  but  to  the  few,  and 
whose  author  could  not  hope  for  material  gain  by  its  publication, 
has  been  printed  at  the  cost  of  **  La  Societe  de  Tlndustrie  Minerals 
de  Saint  Etienne,**  to  whose  wise  and  generous  use  of  the  funds  at 
its  disposal  the  scientific  public  is  indebted  for  a  valuable  accession 
to  palseontological  literature. 

The  examination  of  this  abundant  insect  fauna  of  Commentry, 
BO  well  depicted  in  the  specimens  figui*ed  in  the  atlas,  will  doubtless 
claim  the  notice  of  entomologists  and  palaeontologists  as  to  the 
immense  antiquity  of  the  class  Insecta.  Not  only  do  the  great 
variety,  perfection,  and  size  of  the  specimens  cause  astonishment^ 
but  their  close  resemblance  in  many  instances  to  living  forms  arrests 
attention.  Mark  Stirbup. 

III. — Annals  of  British  Geology,  1893.  A  Digest  of  the  Books 
and  Papers  published  during  the  year;  with  an  Introductory 
Review.  By  J.  F.  Blake,  M.A.,  F.G.S.  8vo,  pp.  xxiv,  365; 
with  90  Illustrations.     (London  :  Dulau  &  Co.,  1895.) 

ONCE  again  Professor  Blake's  welcome  volume  makes  its 
appearance.  This  time  we  are  glad  to  note  its  originator 
speaks  more  hopefully  of  the  future,  and  we  earnestly  trust  it  may 
become  a  *' hardy  annual."  The  conditions  are  that  it  shall  receive 
pontinued  and  steady  support ;  and  by  British  geologists,  at  leasts 
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this  will  Burely  not  now  be  withheld,  seeing  its  great  utility,  which 
each  suooeeding  year  of  publication  enhances. 

The  present  issue  is  conducted  on  the  same  lines  as  the  last,  <<  with 
the  exoeptioQ  of  the  greater  brevity  of  the  notices  of  publications 
of  a  text-book  nature";  a  wise  iuiproTement,  and  we  only  wish 
Prof.  Blake  could  be  also  induced  to  forego  the  section  *'  Foreign 
€leology  (published  in  Britain)/'  for  reasons  explained  on  previous 
occasions. 

The  book  is  a  wonderful  piece  of  work,  and  a  monument  of 
patient  industry  (730  papers  read  and  abstracted  !),  and  though  we 
sympathize  in  his  resentment  at  its  being  called  "a  compilation," 
we  tbink  Prof.  Blake  does  himself  injustice  when  he  says  '*  it  is  as 
pure  a  piece  of  original  research  as  I  have  ever  been  guilty  of"; 
surely  he  does  not  wish  it  to  be  inferred  that,  to  take  a  single 
example,  his  monograph  on  the  Oorallian  Rocks  of  England  was 
nothing  more  than  a  digested  abstract  of  the  work  of  others? 
Slips  there  are  undoubtedly  in  places,  but  how  can  such  be  avoided 
in  a  work  of  this  description  ?  Gratitude  for  its  production  would 
blind  all  but  the  most  captious  reviewer  to  far  more  serious  defects. 

The  heartiest  thanks  of  all  geologists  should  be  Prof.  Blake's. 
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March  20th,  1895.— Dr.  Henry  Woodward,  F.R.S.,  President, 
in  the  Chair.     The  following  commuuicatious  were  read : — 

1.  "On  Fluvio- Glacial  and  Interglacial  Deposits  in  Switzerland." 
By  C.  S.  Du  Riche  Preller,  M.A.,  Ph.D.,  F.G.S.,  F.C.S.,  A.M.LC.E., 
M.I.E.E. 

lliis  paper  is  the  outcome  of  one  published  in  the  Geological 
Magazine  of  January  1894,  on  the  "  Three  Glaciations  in  Switzer- 
land," in  which  the  author  described  various  glacial  deposits  near 
the  lake  of  Zurich.  lie  now  describes  a  series  of  fluvio-glacial 
conglomerates  and  interglacial  lignite  deposits  near  the  lakes  of 
Zurich,  Constance,  Zug,  and  Thun,  which,  together  with  analogous 
deposits  at  the  base  of  the  Eastern,  Western,  and  Southern  Alps, 
constitute  further  evidence  of  two  inter-Glacial  periods,  and  therefore 
of  three  general  glaciations,  the  oldest  of  these  being  of  Upper 
Pliocene,  and  the  others  of  Middle  and  Upper  Pleistocene  age 
respectively.  As  regards  the  origin,  age,  and  the  time  required  for 
the  formation  of  several  of  the  Swiss  deposits  referred  to  in  the 
paper,  the  author  arrives  in  several  respects  at  conclusions  differing 
from  those  recently  enunciated  by  others.  The  author  also  argues 
that  the  first  inter-Glacial  period  was  probably  of  shorter  duration 
than  the  second ;  and  in  confirming  his  former  conclusion  that 
every  general  glaciation  marks  a  period  of  fiUing-up,  and  every 
inter-Glaoial  period  marks  a  period  of  erosion  of  valleys,  he  avers 
that,  if  this  conclusion  be  correct,  it  must  needs  be  destructive  of 
the  theory  of  glacial  erosion. 


moBi 


238     ReporU  and  Proceedings — Oeological  Sodefy  of  London* 

2.  "  The  Bajooian  of  the  Mid-Gotteswoldi."  By  S.  S.  Buokman, 
Esq.,  F.G.S. 

The  Mid-Cotteawolds  is  defined  as  the  distriot  between  the  valleys 
of  the  Froine  and  the  Chelt  A  desoription  of  twenty-five  sections 
is  (^ven,  dealing  principally  with  the  strata  found  between  the 
Upper  Trt^ofita-grit  and  the  upper  Freestone—rsuch  strata  being 
called,  for  the  pnrpose  of  present  distinction,  "the  intervening  beds." 
Of  these  twenty -five  sections,  seventeen,  lying  between  Stroud  and 
Leokhampton,  are  discussed  in  Part  I  of  the  paper  to  show  the 
succession  of  the  intervening  beds,  to  point  out  that  Cotteswold 
geologists  have  confounded  two  distinct  deposits,  the  Ijower  Trtgoma" 
and  Grypliite-grits,  to  prove  that  the  former,  and  not  the  latter,  is 
the  more  persistent  stratum,  and  to  give  evidence  that  denudation, 
called  **  Bajocian  denudation,"  has,  prior  to  the  deposition  of  the 
Upper  Trt^om'a-grit,  cut  right  through  the  intervening  beds  in  the 
neighbourhood  of  Birdlip,  so  as  to  make  a  shelving  trough  six  miles 
wide  and  about  thirty  feet  deep. 

The  remaining  eight  sections  are  described  in  Part  II  of  the 
paper.  They  lie  eastwards  of  Leckhampton,  and  are  given  to  show 
the  discovery  of  another  ammonitiferous  horizon  in  the  Cotteswolds, 
yielding  angiiatumbilicate  Witchellia,  It  is  proved  that  this  bed 
is  above  the  Notgrove  Freestone  and  below  the  Upper  Triganior 
grit ;  so  that  it  is  really  an  addition  to  the  stratigraphical  sequence 
hitherto  recognized  in  the  Cotteswolds.  Its  ammonites  show  it 
to  have  been  deposited  contemporaneously  with  the  middle  of  the 
Sandford  Lane  Fossil  Bed,  and  yet  it  is  removed  by  ten  to  twelve 
feet  from  the  Gryphite-grit=:lower  part  of  that  bed.  In  the  Mid- 
Cotteswolds  this  important  W^i7cAe//ia-bearing  bed  is  only  preserved 
over  an  area  of  about  1^  square  miles,  because  it  has  been  mainly 
removed  by  Bajocian  denudation ;  and  only  one  side  of  one  small 
quarry  yields  a  favourable  exposure.  No  other  locality  showing 
this  deposit  has  yet  been  found  in  the  county. 

Two  plotted  diagrams  are  given  to  show  the  developments  of  the 
beds  in  the  different  sections,  and  to  illustrate  the  result  of  the 
Bajocian  denudation.  In  an  Appendix  to  Parts  I  and  IE  various 
notes  are  given,  and  attention  is  called  to  a  remarkable  oyster  bs 
a  document  of  historic  value  evidencing  the  Bajocian  denudation. 

Part  III  of  the  paper  gives  the  chronological  sequence  of  Bracbio- 
poda  in  Dorset  and  the  Cotteswolds  in  the  Inferior  Oolite,  to  shovr 
their  value  for  purposes  of  exact  correlation  when  ammonites  are 
absent;  and  to  illustrate  that  the  Brachiopods  are  a  good  roediamof 
exchange  in  regard  to  the  strata  of  the  Cotteswold  and  Dorset 
districts)  respectively,  that  in  some  cases  they  are  such  in  regard  to 
the  two  districts,  and  in  other  cases  they  fail  in  this  respect,  so 
that  ammonites  become  the  only  true  medium  of  exchange  between 
the  beds  of  different  basins. 

An    Appendix    to    Part    III    describes  certain   new   species  oi 
Brachiopoda,  and  gives  notes  upon  others. 


Correspandence-rMi^,  W.  8.  Orealey. 
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THE  INDENTATION  OF  THE  BUNTER  PEBBLES. 

Sib, — In  "AnnaU  of  British  Qeology,"  1892,  p.  52,  is  a  review 
or  abstract  of  a  paper  entitled  "The  Trias  of  Cannock  Chase,"  by 
T.  M.  Beade.  In  this  abstract  we  read,  *<The  indentation  of  the 
pebbles  he  considers  to  be  the  result  of  contact- solution,  the  water 
being  retained  at  these  spots  by  capillary  action." 

Now,  whether  this  theory  of  the  origin  of  the  pitting^  or  little 
sarface  dimples  on  some  of  these  pebbles  is  a  probable  one  or  not 
I  do  not  discuss,  bat  a  specimen  of  one  of  the  Cannock  Chase 
pebbles  I  happen  to  possess  (picked  up  by  myself  in  the  ballast  on 
the  London  and  North-Westem  Railway,  near  Lichfield,  about  eleven 
years  ago)  bears  unmistakable  evidence  that  the  indentations  upon 
it  were  produced  by  a  squeeze  or  pressure ;  for  this  reason  one  end 
of  .the  pebble  (a  reddish-brown  quartzite,  by  the  way)  is  not  only 
severely  fractured  into  four  or  five  pieces,  but  is  also  miniature 
faulted.  The  lines  of  fracture  radiate  from  typical  indentations  or 
dimples  upon  opposite  sides  of  the  pebble.  Here,  then,  at  all  events, 
is  an  actual  instance  of  a  Bunter  pebble  not  only  indented  by  other 
pebbles  in  contact  with  it  in  situ  in  the  conglomerate,  but  it  is 
evident  the  pressure  upon  its  sides  was  great  enough  to  split  it 
and  dislocate  its  fragments.  The  once-open  cracks,  so  produced,  are 
now  filled  with  calcite,  which  acts  as  a  cement,  holding  the  several 
portions  of  the  pebble  together.  This  fact  supports  the  physical  or 
mechanical  origin  of  the  indentations  of  the  Bunter  pebbles.  Can 
Mr.  Keade  adduce  evidence  in  support  of  the  chemical  theory,  of 
which  it  does  not  appear  he  gave  any  in  his  paper  ? 

Here  is  a  sketch  of  one  side  of  the  particular  pebble  I  refer  to. 


•— . 


X  =  One  of  the  indentationB  ^  in.  long. 

X '  X  "  Leoser  indentations  with  finer  cracks  in  contact  therewith. 

Cf  e,  e,  cracks  in  pebble,  now  filled  with  calcite. 

NoTK. — Corresponding  indentations  on  opposite  side  in  a  larger 
^^e  than  this. 


EaiB,  Pa.,  U.S.A.,  1th  JPthruar^,  1895. 
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BUDLEIGH  SALTEETON  PEBBLES. 

Sir, — Referring  to  Professor  Bonney's  interesting  discovery '  of 
schorlaceous  rocks  in  the  Bndleigh  Salterton  pebble  bed,  which  bed 
after  all  is  bat  a  new  Red  C!ongloxnerate,  it  should  be  borne  in 
mind  that  schorl aoeoas  fragments  are  abundant  in  the  breccias  near 
Teignmouth,  and  elsewhere  in  the  Red  Rocks  of  Devonshire.  It 
would  be  well  to  compare  them,  in  order  to  ascertain,  if  possible, 
whether  they  have  a  common  origin.  Schorlaceous  rocks,  as  is  well 
known,  vary  greatly. 

With  respect  to  the  snggestion  now  again  brought  forward  by 
Professor  Bonney  that  the  Red  Sandstones  of  Devonshire  evidence 
currents  from  the  west  ward,*  the  fact  should  not  be  overlooked  that 
the  mica  schists  found  in  the  Bigbury  Bay  conglomerate,  to  the 
northward  and  westward  of  the  Bolt  Head,  indicate  transport  from 
the  south  and  east,  harmonizes  well  with  the  commonly  accepted 
view  that  many  of  the  Budleigh  Salterton  fossiliferous  quartzites  are 
of  southern  derivation.  A.  R.  Hunt. 


^Obolooioal  Society  of  South  Africa." 

A  largely  attended  meeting  was  held  in  the  Chamber  of  Mines 
Board-Room,  Johannesburg,  Tmnnvaal,  on  February  4th,  1895,  for 
the  purpose  of  forming  a  Geological  Society.  Dr.  Hugh  Exton, 
F.G.S.,  occupied  the  chair  and  addressed  the  meeting.  The  following 
resolutions  were  then  moved  and  seconded,  and  carried  unanimously : 
(1)  that  a  Society  be  formed  to  be  called  **The  Geological  Society  of 
South  Africa";  (2)  that  Mr.  Lionel  Phillips  be  the  first  Honorary 
President;  (3)  that  Professor  T.  Rupert  Jones,  F.R.S.,  F.G.S.,  and 
Dr.  W.  Guybon  Atherstone,  F.G.S.,  be  Honorary  Vice-Presidents; 

(4)  that  Dr.  Hugh  Exton,  F.G.S.,  be  the  first  President,  and  Messrs. 
A.  R.  Sawyer,  F.G.S.,  and  John   Ballot,  the  first  Vice-Presidents. 

(5)  The  Executive  Council  was  then  formed  as  follows :  Me-ssrs. 
C.  Aburrow,  Ed.  Button.  A.  R.  Boucher,  J.  S.  Curtis,  J.  A.  Chalmers, 
S.  Farrar,  F.G.S.,  H.  D.  Griffiths,  A.  Goerz,  L.  Grahame,  J.  Dampier 
Greene,  J.  H.  Johns,  E.  C.  Jones,  E.  J.  B.  Knox,  C.  Wilson  Moore, 
W.  M.  Phillips,  T.  Reunert,  E.  Kemper  Voss,  Peregrine  0.  Wilson, 
and  F.  White.  (6)  It  was  unanimously  resolved  that  Mr.  David 
Draper,  F.G.S.,  be  appointed  Secretary  of  the  Society.  It  was 
resolved  that  those  gentlemen  who  signed  their  names  at  that 
meeting  be  the  first  members ;  that  the  list  remain  open  till  2Sth 
February,  after  which  election  to  be  by  ballot. 

The  greatest  enthusiasm  prevails,  and  the  Secretary  fully  anticipates 
that  300  members  will  join  by  the  end  of  the  month.  All  com- 
munications for  the  Society  should  be  addressed  to  David  Draper, 
Esq.,  F.G.S.,  P.  O.  Box  450,  Johannesburg,  TransvaaL 

1  Geological  Magazine,  February,  1896,  p.  77.  [Memo. — "All  showed 
tourmaline,  so  two  of  them  were  sliced.  Both  consisted  mainly  of  granular  qoarti 
and  tourmaline/'     Hence  schorlaceous. — A.  E.  H.] 

»  JM.  p.  79. 
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L  —  NoTs  ON  A  Skslston  of  a  Touhq  Plbsiosaub  vbom  the 

OxFOBD  Glat  of  Pbterbobough. 

By  C.  W.  Akdrbwb,  B.A.,  B.Sc.,  P.G.8. 
Assistant  in  the  British  Mnsenm  (Katoral  History). 

(PLATE  IX.) 

ONE  of  tbe  most  notable  additions  made  to  the  Gallery  of  Fossil 
Reptilia  in  the  Natural  History  Museum  during  the  last  few 
years  is  the  beautifully  preserved  Plesiosaurian  skeleton  which  is 
represented  in  Plate  IX. 

This  specimen  was  obtained  by  A\  N.  Leeds,  Esq.,  of  Eyebury, 
near  Peterborough,  from  a  pit  in  the  Oxford  Clay  at  Fletton,  in  the 
neighbourhood  of  that  town,  and  is  a  splendid  example  of  the  results 
obtainable  by  a  careful  collector  who  is  able  and  willing  to  devote 
time  and  energy  to  personally  superintending  the  removal  from  the 
deposits  in  which  they  are  found  of  those  specimens  brought  to  his 
notice.  The  neglect  of  ordinary  precautions  has  led  to  the  loss  or 
separation  of  too  many  valuable  associated  series  of  bones  for  it  to 
be  necessary  to  insist  on  the  extreme  value  of  such  careful  work  as 
that  of  Mr.  Leeds,  to  whom  we  are  indebted  for  one  of  the  finest 
collections  of  Mesozoic  reptiles  and  fishes  ever  made. 

In  the  present  specimen  (Leeds  Coll.,  No.  36)  the  bones  are  quite 
nncrushed  and  free  from  matrix,  and,  though  some  of  the  more 
delicate  ones  were  found  broken  into  numerous  fragments,  it  has 
been  possible  in  most  cases  to  piece  them  together,  every  fragment 
having  been  carefully  preserved  and  numbered.  ITie  skull,  owing 
to  the  fragile  nature  of  many  of  its  constituent  bones,  is,  un- 
fortunately, much  broken  and  is  imperfect,  but  the  rest  of  the 
skeleton  is  complete,  with  the  exception  of  some  caudal  vertebras 
and  chevrons,  a  few  ribs,  and  some  small  paddle-bones.  The  whole 
has  been  skilfully  mounted  by  Mr.  C.  Barlow,  and  now  presents  the 
appearance  shown  in  Plate  IX. 

For  reasons  given  in  a  recent  paper  ^  I  consider  that  this  skeleton 
is  that  of  a  young  individual  of  Cryptocltdus  Oxontensia,  Phillips,  sp. 
A  short  description  of  the  chief  osteological  characters  exhibited 
by  this  specimen  may  now  be  given : — 

1  Ann.  Mag.  Nat.  Hist.  ser.  6,  vol.  xv  (1895),  p.  333. 
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The  skull  is  comparatively  abort,  the  snont  being  blunt  and 
rounded;  its  length  is  about  one-third  that  of  the  neck.  The 
premaxillsB,  which  are  covered  with  irregular  ridges,  each  bore 
five  or  six  slender  teeth,  the  crowns  of  which  are  nearly  smooth. 

The  pineal  foramen  is  large,  and  is  situated  between  the  anterior 
ends  of  the  parietals.  These  bones  form  a  high  crest  between  the 
temporal  fossee,  and  posteriorly  are  produced  outwards  into  short 
processes  which  unite  with  the  ascending  rami  of  the  triradiate 
squamosals,  the  ventral  rami  of  which  unite  closely  with  the 
quadrate,  while  the  anterior,  wanting  in  this  specimen,  formed  the 
hinder  portion  of  the  temporal  arcade.  These  squamosals  are  very 
like  the  same  elements  in  SphtnodoUt  and  probably  are  equivalent  to 
squamosal + supratemporal. 

The  basioccipital,  which  is  still  free  from  the  basisphenoid,  bears 
the  whole  of  the  nearly  hemispherical  occipital  condyle.  The 
haaiaphenoid  is  deeply  excavated  anteriorly  by  the  pituitary  fossa, 
and  has  adherent  to  its  ventral  surface  a  plate  of  bone  which  is 
prolonged  anteriorly.  This  element,  which  must  be  regarded  as 
a  paraaphenoidj  is  well  shown  in  some  Pliosaur  skulls  in  the  British 
Museum,  in  which  it  runs  forward  for  some  distance  between  the 
pterygoids  which  unite  with  its  outer  edges. 

On  the  outer  side  of  the  ezoccipitals,  and  when  seen  from  the 
outer  surface  of  the  skull,  apparently  arising  from  those  elements, 
are  the  large  paroccipital  processes  which  are  directed  outwards  and 
downwards.  If  this  region  be  examined  on  the  internal  surface, 
it  is  seen  that  these  processes  spring  from  distinct  elements  (the 
opisthoiica) ,  still  separated  from  the  exoccipitals  by  deep  clefts, 
although  externally  the  sutures  are  obliterated.  The  opisthotio 
shows  the  impression  of  two  of  the  semicircular  canals.  The  aupra' 
occipital,  which  is  very  large,  is  filso  channelled  by  a  portion  of 
the  auditory  labyrinth,  there  being  no  trace  of  a  distinct  epiotio 
ossification. 

The  mandible  seems  to  have  carried  from  20  to  22  teeth ;  each 
ramus  is  about  23  centimetres  in  length. 

The  cervical  vertebras  are  31  or  32  in  number ;  the  neural  arches 
and  cervical  ribs  are  all  free  from  the  centra,  a  character  depending 
merely  on  the  age  of  the  individual ;  the  centm  are  short  with  oval 
articular  faces,  which  are  much  less  concave  than  in  the  adult ;  the 
neural  spines  are  short  and  stout,  and  the  anterior  and  posterior 
zygapophyses  are  respectively  slightly  concave  and  convex  trans- 
versely ;  there  is  also  a  zygosphenal  articulation. 

No  union  has  yet  taken  place  between  the  centrum  of  the  axis 
and  that  of  the  atlas  {i.e.  the  odontoid) ;  this  latter  bears  the  two 
halves  of  the  atlantal  neural  arch,  which  are  widely  separated  from 
the  anterior  wedge  bone  forming  the  lower  fourth  of  the  cup  for 
the  reception  of  the  occipital  condyle. 

There  are  two  or  three  pectoral  and  21  or  22  dorsal  vertebras. 
Behind  these  are  three  or  four  vertebrae  bearing  short,  somewhat 
expanded  ribs,  which  articulate  between  arch  and  centrum ;  these 
appear  to  be  sacral.     The  caudals  bear  small  rib-like  chevrons, 
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which  do  not  unite  helow  to  close  a  hsBmal  canal  and  rarely  fuse 
with  the  centra. 

The  abdominal  ribs  are  strongly  developed.  Tbey  are  arranged 
in  several  transverse  rows,  each  consisting  of  a  median  piece  and 
paired  lateral  pieces.  In  a  former  paper  ^  I  stated  tbat  there  are  two 
of  these  lateral  pairs,  and  in  the  present  specimen  they  are  so 
mounted.  In  Mr.  Leeds'  collection,  however,  in  a  specimen^  in 
which  the  ventral  ribs  are  retained  in  their  natural  position  through 
being  partly  imbedded  in  a  hard  concretionary  mass  of  clay,  there 
are  clearly  three  lateral  pairs,  and  this  is  also  the  case  in,  at  leasts 
some  of  the  Liassic  Plesiosaurs. 

The  pectoral-girdle  has  been  figured  and  described  in  the  paper 
JQSt  quoted. 

The  humerus  at  this  stage  shows  scarcely  any  trace  of  the  great 
distal  expansion  which  characterizes  it  in  the  adult,  but  the  radius  is 
already  very  large  compared  to  the  other  paddle-bones. 

The  ilium  is  a  curved  rod  of  bone,  laterally  compressed  at  its 
upper  end  and  rounded  at  the  lower,  which  in  this  specimen  was 
evidently  covered  in  life  with  a  cap  of  cartilage,  the  articular 
surfaces  not  being  ossified.  In  an  adult  ilium  (see  Figure)  of  the 
same  species  the  lower  end  bears  two  articular  surfaces — the  larger 


Pelrig  of  adnlt  of  Cryptoclidus  Oxoniensis  seen  from  within. 
ilf  ilium ;  pu^  pubis ;  i«,  ischium ;  acetab^  acetabulum. 

for  union  with  the  ischium,  the  smaller  forming  a  portion  of  the 
hinder  edge  of  the  oval  acetabulum ;  there  is  no  surface  for  the 
pubis.  I'he  hatchet- shaped  ischium  has  three  subequal  articular 
surfaces  at  its  upper  end,  the  posterior  for  the  ilium,  the  median 
forming  the  middle  and  greater  part  of  the  acetabulum,  and  the 
anterior  for  the  pubis.  This  latter  is  a  broad  plate  of  bone  with 
convex  anterior  and  concave  posterior  border ;  proximally  it  unites 
with  the  ischium  and  forms  Uie  anterior  portion  of  the  acetabulum. 

The  femur  is  rather  less  expanded  distally  than  the  humerus, 
a  difference  much  more  marked  in  the  adult.  The  remainder  of 
the  hind-paddle  calls  for  no  special  notice. 

Plate  IX.  was  prepared  from  a  photograph  taken  by  A.  Gepp,  Esq., 
of  the  British  Museum  (Natural  History),  to  whom  my  cordial 
thanks  are  due. 

^  Ann.  Ma^.  Nat.  Hist.  ser.  6,  vol.  xt  (1895),  p.  334. 

*  I  am  indited  to  Mr.  Leeds  for  drawing  my  attention  to  thia  s^ecm«\i. 
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IL»  On  the  Age  of  the  World  as  dependinq  oh  the  Conditioh 

OF  THE  Interior. 

By  the  Rot.  0.  Fishbb,  M.A.,  F.G.S. 

IN  Nature  of  tbe  7th  of  March,  Lord  Kelvin  reported  the  reralts 
of  a  series  of  experiments,  which  render  it  almost  certain  that 
Prof.  J.  Perry's  hypothesis  of  the  oondactivity  of  rock  increasing 
with  tbe  temperature  is  unsupported  by  evidence.  He  also  stated 
that  he  had  been  led  by  later  study  to  modify  his  original  estimate 
of  the  age  of  the  world,  and  to  reduce  it  to  about  the  same  as 
estimated  by  Mr.  Clarence  King,  viz.  24  million  years.  Thus 
geologists  would  find  themselves  restricted  to  a  still  shorter  period 
for  the  evolution  of  the  events  of  the  world's  history  than  they 
supposed. 

It  must,  nevertheless,  be  carefully  remembered  that  the  estimates 
of  the  world's  age  above  referred  to  proceed  upon  the  hypothesis 
that  the  earth  is  solid  throughout,  whereas  the  more  obvious 
interpretation  of  geological  phenomena  appears  to  point  to  the 
opposite  conclusion,  that  the  crust  is  comparatively  thin,  and  floats 
upon  a  substratum  of  molten  rock  of  rather  greater  density  than 
its  own. 

The  principal  argument  for  the  solidity  and  rigidity  of  the  earth 
is  derived  from  the  existence  of  tides  in  the  oceans ;  for  it  is  held 
that,  if  the  interior  were  liquid,  there  would  be  subterranean  tides 
in  it,  which  would  carry  the  crust  and  the  enveloping  ocean  up  and 
down  in  concert  together,  so  that  the  measurable  depth  of  the  water 
to  the  bottom  would  always  remain  unchanged ;  for,  although  a  tidal 
deformation  of  the  ocean  surface  would  be  present,  it  would  not  be 
able  to  be  noticed.  It  is  plain  that  this  apparent  obliteration  of 
the  tides  would  require  that  the  deformation  in  the  substratum 
with  its  floating  crust  and  the  deformation  in  the  enveloping  ocean 
should  occur  at  any  given  place  simultaneously  and  equally  ;  that  is 
to  say,  there  would  have  to  be  high  tide  in  the  crust  where  and 
"when  there  was  high  tide  in  the  water,  and  low  tide  in  the  crust 
where  and  when  there  was  low  tide  in  the  water,  and  in  each  case 
with  the  same  range  of  rise  and  fall.  This  requires  that  the  surface 
of  the  crust  should  be  deformed  to  the  exact  shape  that  the  moon's 
attraction  would  produce  in  a  liquid  globe,  and  that  the  same  should 
be  the  case  also  with  the  surface  of  the  ocean.  But,  seeing  that 
ft  tide  is  formed  by  the  local  accumulation  of  matter  by  differential 
horizontal  flow,  it  seems  highly  improbable  that  the  exact  form  of 
the  tidal  spheroid  could  be  produced  in  the  crust,  because  the 
irregularities  in  the  under-surface  of  it,  corresponding  to  and 
supporting  the  continental  elevations,  would  so  break  np  and  deflect 
the  tide  wave  in  the  substratum  on  which  it  floats,  that  the  exact 
form  of  the  tidal  spheroid  would  not  be  generally  maintained 
beneath  the  crust,  just  as  it  is  known  not  to  be  maintained  at 
the  surface  of  the  ocean  owing  to  the  deflection  caused  by  coast 
lines,  whence  arise  the  irregularities  known  as  the  "  establishments 
of  ports."    Thus  the  exact  form  of  the  tidal  spheroid  would  be 


Bev.  0.  FMer—The  Age  of  the  World.  245 

maintained  in  neither  crast  nor  water  snrfaooy  and  tides  would 
aocordingly  be  observed.  If  this  be  a  correct  explanation,  it 
would  seem  likely  that,  where  there  is  an  exceptionally  large 
unbrokea  area  of  ocean,  and  consequently  a  comparatively  smooth 
extent  of  under-snrface  to  the  crust,  in  such  a  region  the  proper 
form  of  the  tidal  surface  might  be  more  nearly  preserved  both  for 
the  subjaoent  liquid  rock  and  for  the  water,  and  the  measurable  tide 
would  consequently  be  small.  Now  such  is  the  case  in  the  central 
parts  of  the  Pacific,  scarcely  any  proper  tide  being  observable  at 
the  Sandwich  Islands. 

No  argument  for  rigidity  can  be  drawn  from  a  fortnightly  tide, 
because  observations  hitherto  made  have  not  demonstrated  that  one 
exists. 

If  the  above  apology  for  believing  in  the  possibility  of  a  liquid 
interior  can  be  admitted,  it  will  follow  that,  the  bottom  of  the 
erust  being  constantly  laved  by  molten  rock,  we  should  have  a 
mode  of  communication  of  heat  from  beneath  which  would  con- 
tinually delay  the  cooling  and  thickening  of  the  crust,  and  have 
an  effect  upon  the  temperature  gradient  at  the  surface  similar  to 
that  which  would  have  resulted  from  Professor  Perry's  hypothesis, 
.  supposing  it  to  have  been  true. 

If  we  accept  Professor  Darwin's  -  theory  of  the  genesis  of  the 
moon,  there  are  cogent  reasons  for  believing  that  interior  liquidity 
is  more  than  probable. 

It  seems  to  be  admitted  on  all  hands  that  the  earth  was  once 
a  molten  spheroid,  rotating  at  a  speed  much  exceeding  the 
present  of  once  in  twenty-four  hours.  The  theory  is,  that  at  some 
early  period  the  moon  was  thrown  off  from  the  earth,  and  that  since 
that  time  its  distance  has  gradually  increased  to  the  present 
239,000  miles.  This  increase  in  the  moon's  distance,  implying 
a  large  amount  of  work  done  in  opposition  to  the  earth's  attraction, 
has  been  obtained  at  the  expense  of  the  energy  of  the  earth's 
rotation,  through  the  medium  of  tides  produced  in  the  earth  and  in 
the  ocean,  but  chiefly  in  the  earth  itself.  The  leverage  by  which 
the  moon  has  acted  on  the  tidally  deformed  earth  has  necessarily 
been  greater  at  the  circumferential  than  at  the  central  parts.  Con* 
sequently  the  retardation  of  rotation  has  proceeded  from  without 
inwards,  so  that  the  inward  parts  have  always  rotated  somewhat 
more  rapidly  than  the  outward,  and  a  consequent  friction  and 
generation  of  heat  has  been  set  up  within,  which  has  been  much 
more  considerable  in  the  central  than  in  the  outer  parts.  The 
amount  of  heat  so  generated  would  have  been,  to  use  Professor 
Darwin's  own  expression,  ''prodigious,"  and,  upon  his  estimates, 
"the  whole  heat  generated  from  first  to  last  gives  a  supply  of 
heat  at  the  present  rate  of  loss  for  3560  million  years."  With 
this  enormous  amount  of  heat  being  perpetually  communicated  to 
the  inner  parts  (and  there  does  not  appear  to  be  any  reason  why  the 
supply  should  have  hitherto  entirely  ceased)  how  could  the  globe 
have  become  wholly  solid  at  the  melting  temperature  for  the 
pressure  at  every  depth  ?    It  seems  that,  having  been  once  liquid^ 
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it  can  never  have  had  the  chance  of  becoming  sufficiently  cool  to 
solidify.  If  this  be  the  true  statement  of  the  case,  no  reliable 
estimate  of  the  age  of  the  world,  based  on  considerations  of  the 
present  temperature  gradient  at  the  surface,  has  hitherto  been  made. 
If  the  interior  be  liquid,  and  the  central  parts  have  been  constantly 
receiving  greater  accessions  of  heat  than  the  parts  more  distant  from 
the  centre,  convection-currents  must  have  been  set  up,  and  must 
have  played  the  chief  part  in  the  secular  cooling.  The  age  of  the 
world  would  therefore  be  dependent  upon  the  degree  of  their  activity, 
which  is  not  known.  Another  important  consequence  would  follow, 
because  the  currents  would  necessarily  have  a  horizontal  flow  in  the 
parts  of  their  course  where  the  liquid  had  ceased  to  rise  and  had 
not  yet  begun  to  descend ;  and  this  would  produce  a  horizontal 
stress  on  the  superincumbent  crust,  acting  more  powerfully  upon 
it  at  those  places  where  the  bottom  was  most  uneven,  as  beneath 
mountains.  Thus  we  should  be  able  to  account  for  one  cause,  at 
least,  of  the  compressing  force  for  which  geologists  are  in  search. 


WOODWARDIAN   MuSEUM  NoTES. 

III. — SOPPLEMENTART   NoTBS   ON   THE   DbYGILL   ShALES. 
By  O.  L.  Ellbs  and  £.  M.  B.  Wood,  Newnham  College,  Cambridge. 

IN  the  Geological  Magazine,  1887,  Professor  Nicholson  and  Mr. 
Marr  drew  attention  to  a  group  of  fossiliferous  shales  detected 
in  connection  with  the  Borrowdale  Volcanic  Series. 

At  the  request  of  Mr.  Marr,  we  undertook  the  examination  of 
larger  collections  of  fossils  made  from  the  same  locality,  and  the 
object  of  the  following  notes  is  to  place  these  on  record,  and,  in 
the  light  of  further  palseontological  evidence,  to  assign  to  the  beds 
a  more  definite  horizon. 

As  Professor  Nicholson  and  Mr.  Marr  showed,  these  beds  occur  on 
the  north  side  of  a  great  mass  of  Skiddaw  Slates  in  what  has  been 
tem)ed  the  Caldbeck  Fells  area.  The  shales  to  which  we  wish  to 
direct  attention  are  situated  north  of  the  intrusive  masses  of  Carrock 
Pike  and  Great  Lingy,  and  are  of  interest  as  lying  between  the 
Skiddaw  Slates  on  the  one  hand,  and  the  Volcanic  Series  of  Caldbeck 
Fells  on  the  other.  They  occupy  the  summit  of  the  valley  between 
High  Pike  and  Carrock  Pike,  and  are  exposed  in  Drygill,  whence 
Professor  Nicholson  and  Mr.  Marr  have  given  to  them  the  name 
of  tlie  Drygill  Shales. 

The  following  section  is  described  by  them  in  Drygill  in  descend- 
ing order : — 

1.  Drab-coloured  shales,  unfossiliferous. 

2.  Blue-grey  shales,  weathering  white. 

3.  Dark  blue-grey  or  black  mudstones. 

4.  Volcanic  rocks. 

5.  Dark  fossiliferous  mudstones  with  Trilobites  and  Brachiopods. 

The  general  dip  of  the  beds  is  to  the  S.S.W.,  and  the  beds  of  the 
south  fork  of  Drygill  are  probably  the  same  as  those  exposed  in  the 
highest  part  of  the  main  gill,  since  the  faunas  are  almost  identioal, 
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and  differ  markedly  from  that  belonging  to  tbe  beds  exposed  in  the 
lowest  part  of  the  same.  The  following  is  a  complete  list  of  the 
fossils  as  yet  identified  from  the  Drygill  Shales,  with  their  ranges. 
Many  of  the  specimens  have  evidently  been  much  affected  by  the 
mechanical  deformation  to  which  the  rocks  have  been  subjected ; 
scarcely  any  of  them  are  complete  and  many  are  very  obscure. 

Trxlobtta. 

Xamb.  Kemakkb.  Ranob. 

^Ampyx  roitratuM  (Sara.)        .     .     .     Common  Llandeilo — Bala. 

Ampyz  tetragonui  (Angelin) Bala   (Trinucleus  Schiefer  of 

Sweden). 

Ampyx  tvmidut  (Forbes) Bala. 

^Stygina  Jfurchistmia  (Mnrch.)  .     .     Common  Llandeilo — Bala. 

Trtnueleus  teiicomis  (Hisinger)  .     .     Common  Bala. 

Trinucleus  eoneentrieus  (Eaton)        .     Common  Bala — Upper  Llandovery  (?) 

TrintteUu9y  sp.  (allied  to  offini») Bala  (Tnnucleos  Schiefer). 

Fkatopt  {Pterygometoput)  ali/rtmsf 

(Salt.) Bala. 

Fhaeops   {AeatU)  appendieuUUut        .... 

(Salt.) Bala. 

Phaeops,  sp. 

J>indymen$  omata  (Linn.) Bala  (Trinncleus  Schiefer). 

Calymene  Blumenbaehii  (Brong.) Tremadoc — Aymestry  (?) 

Calymene  aenaria  (Conrad) Llandeilo — Wonlock. 

^Calymene  eambrennis  (Salt.) I  Jandeilo — Bala. 

*L%eh€u  lacinitUut  (Dalm.) Bala  (Brachiopod  Schiefer). 

OSTBACODA. 

^Beyrichia  eomplieata  (Salt.) Llandeilo— Bala. 

Brachiopoda. 
•OhoUUa? 

^I'lfctamhonitei  »erieea  (Sow.) Llandeilo — Wenlock  Shale. 

F'eetamboniUi  transfer »ali»  (Wahl.)     ....  Bala — Aymestry. 
l'lectamhoHite$  quinqueeoitata 

(M'Coy) Llandeilo — Upper  Llandovery. 

^OrOiiM  teMtudinaria  (DdXm.)   .     .     Very  common  Llandeilo — Lpper  Llandovery. 

Orthis  elegantula  (Dalm.) Llandeilo — Ui)per  Ludlow. 

Lingula  ovata  (M'Coy) Llandeilo — Bala. 

Lambllibranchiata. 

Ct€nod<mta  varicoM  (Salt.)     .     .     .     Common      Bala. 

Ctencd<mta  levata  (Hall) Bala. 

CUnodonta,  sp.  ? 
Orthonota^  sp.  ? 
ModioiopHa  ? 

Gastbropoda. 

Mttrehisoniay  sp. 

J*lrtirotomaria  turrita  (Fortl.) Bala. 

J'lrurotomaria,  sp. 
Bellerophon  ? 

Cbphalopoda. 
Orihocerat,  sp. 

•  Denotes  species  previously  recorded  by  Nicholson  and  Marr. 
The  fossils  recorded  above  are  by  no  means  uniformly  distributed 
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tbroQgbout  the  beds :  the  following  were  found  only  in  the  sooth 
fork  of  the  gill,  and  the  highest  part  of  Drygill  proper :  — 


PhaeopM  (Aeatte)  appendiaUatm, 
Fhaeofy  species. 
Lingula  ovata. 


Trinueleus  aetieomi*. 
Trinueleut  eoneentricus, 
Trinueleuif  sp.  (allied  to  afflnUI). 
Fhaoops  {Pterygometopiu)  alifroru, 

Calymene  eambrenaia  and  Orthia  teatudinaria  do  oooar  here,  but  are 
far  more  common  in  the  lower  part  of  the  gill. 

From  the  above  lists  it  will  be  seen  that  the  beds  of  the  south 
fork,  and  of  the  upper  part  of  Drygill,  are  characterized  by  the 
abundance  of  Trinueleus,  while  in  the  beds  of  the  lower  part  of  the 
gill  species  of  Ampyx,  Stygina  Murehiaonia,  and  Orthia  teatudmaria 
are  very  abundant. 

It  is  obvious,  therefore,  that  we  have  here  two  distinot  faunas 
represented,  and  we  would  suggest  that  the  beds  in  the  south  fork 
and  upper  part  of  Drygill  belong  definitely  to  a  somewhat  higher 
horizon  than  the  beds  exposed  elsewhere  in  the  stream. 

Age  of  Drygill  Shalea, — Professor  Nicholson  and  Mr.  Marr  {he. 
cit)  suggested  that  there  was  a  resemblance  between  the  Drygill 
Shales  and  Dufton  Shales,  but  considered  that  the  abundance  of  such 
fossils  as  Orthia  teaiudinaria,  Lepttena  aerieea,  Calymene  eamhremia, 
Ampyx  roatratua,  and  Stygina  Murchiaonia  pointed  to  the  beds  being 
at  about  the  horizon  of  the  Llandeilo  Limestone. 


Spbcibs 
from  Drygill  Shales. 

Coniston 
Limestone 
of  Norber 

(SetUe). 

Dufton 
Shales. 

Sleddale 
Group. 

Quarrel 

Hill 
(Girvan). 

jAmw/x  rostratut 

X 

•  •  • 

■  •  • 

X 
X 

•  •  ■ 

■  •  ■ 

•  •  • 

X 
X 
X 
X 
X 

•  ■  ■ 

X 

•  ■  • 

X 

... 

X 
X 

•  •  • 

X 

... 

X 
X 

■  •  • 

X 

•  •  • 

X 

... 

... 

X 
X 
X 
X 
X 
X 
X 

X 

•  .a 

X 
X 
X 
X 

X 

•  •• 

•  ■• 

X 

... 

X 

■  ■  • 

■  •  • 

X 

... 
.*• 
... 

X 

... 

•  •• 

jAmpux  tetroQonus 

jimpvx  tumtdus , 

DHnueleut  »eti^n7tis 

Trinueleus  eonc&ntrieut 

Calymene  Blumenbachii 

Calvmene  senaria    

Liehas  laeiniatus    

Pleetambonitee  serieea    

Fleetambonitet  traneversalit  

Fleetambonites  quinqueeostata    ... 
Orthit  testudinaria     

Orthie  elegantula    

Linffula  ovata 

Beyriehia  eomplieata „ 

They  originally  considered  that  the  beds  were  younger  than  the 
Skiddaw  Slates  and  older  than  the  Coniston  Limestone,  but  in  a 
more  recent  paper  (Gkol.  Mag.  1892)  Mr.  Marr  expressed  his 
belief  that  this  correlation  was  erroneous,  and  that  the  Drygill 
Shales  were  probably  more  closely  allied  to  the  Coniston  Limestone. 

In  the  light  of  further  palasontological  evidence,  we  would 
emphatically  confirm  this  suggestion.  We  believe  that  the  beds  lie 
above  the  Borrowdale  Volcanic  Series,  and  we  are  convinced  that 
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ibey  are  moBt  closely  related  to  the  Dafton  Shales  of  tbe  Gross  Fell 
area,  and  to  the  Sleddale  Beds  of  the  Lake  District  proper. 

Lithol(^cally  they  do  not  differ  more  among  themselves  than  do 
the  Dafton  Shales,  which  they  resemble  closely,  since  both  are  in 
tbe  main  composed  of  dark,  flaggy,  calcareous  mudstones.  The 
preceding  table  shows  the  species  common  to  the  Diygill  Shales, 
Dufton  Shales,  the  Sleddale  Oroap,  etc. 

Svmmary. — The  result  then  of  our  examination  of  the  fossils  of 
the  Drygill  Shales  is  to  show  the  predominance  of  Bala  Limestone 
forms,  and  the  close  parallelism  of  the  beds  with  others  of  the  same 
age  in  the  Lake  District 

Although  correlated  with  the  Bala  Limestone  as  a  whole,  we 
think  that  the  Drygill  Shales  are  capable  of  further  subdivision, 
viz.  into  (1)  an  Upper  Oronp,  characterized  by  the  abundance  of 
Trinv^euB ;  (2)  a  Lower  Group,  characterized  by  the  abundance  of 
Ampifx  and  Orthis  te$tudinaria,  though  it  is  not  suggested  that  this 
subdivision  is  of  more  than  local  importance. 

Note, — We  take  this  opportunity  of  thanking  Mr.  Marr  for  many 
Talnable  suggestions,  and  of  gratefully  acknowledging  the  help  given 
us  by  our  friend  Miss  E.  O.  Skeat  of  Newnham  College,  in  the 
identification  of  some  of  the  fossils. 

Our  list  of  fossils  was  compiled  from  collections  made  at  various 
times  from  Drygill,  all  of  which  are  now  in  the  Woodwardian 
Museum. 

lY. — Shell-Stbuoturb  in  tdb  Ahmonoidba. 

By  £rnb8t  H.  L.  Schwarz,  A.R.C.S. 
From  the  Geological  Reeearcb  Laboratory,  Royal  College  of  Science. 

THE  shell-structure  of  the  Ammonoidea  has  received  very  in- 
adequate attention  from  palaeontologists ;  in  most  cases  authors 
are  content  with  describing  the  shell  of  the  recent  Nautilus,  and 
saying  that  that  of  the  Ammonites  is  exactly  the  same.  Prof.  Judd 
therefore  suggested  that  I  should  take  the  subject  up,  when  working 
as  a  research  student  under  him.  As  a  result,  I  have  found  that  the 
resemblance  of  the  Nautilus-  to  the  Ammonite-shell  is  literally  true ; 
but  the  structure  of  the  extinct  forms  throws  an  altogether  new  light 
on  that  of  the  recent  one,  while  the  usual  homology  of  parts  between 
the  two  requires,  I  think,  revision. 

In  the  Nautilus  there  are  two  main  layers  composing  the  walls  of 
the  shell :  one  nacreous  and  inner,  the  other  porcellanous  and  outer. 
Of  these,  that  corresponding  to  the  inner  layer  is  usually  preserved 
in  the  Ammonoidea.  In  the  Clymeniidsa,  no  details  of  shell -structure 
have  been  published ;  but  in  the  Goniatites,  Hyatt  ^  has  figured 
a  Oon.  (Olyphroceras)  crenistriay  PhilL,  from  Rudesheim,  showing 
the  two  layers,  but  both  are  probably  parts  of  tbe  same  layer,  since 
mineralization  has  destroyed  the  original  structure. 

In  the  Ammonites  proper,  the  earliest  example  showin^r  the 
original  lustre  and  structure  on  record  is  Ceratites  nodoaus,  de  Haan, 

^  Bull.  Mus.  Comp.  Zool.  Cambridge,  iii,  1862. 
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from  Hanover.^  In  the  later  rooks  innamerable  casea  oocur  in 
whioh  the  shells  show  their  natural  play  of  oolour,  such  as  the 
Oxford-clay  Ammonites,  Am.  (Piiloceras)  planorhis.  Sow.,  from 
Watchet,  or  Am.  (Microceraa)  planieoita.  Sow.,  from  the  Marston 
Magna  Marble  of  Wiltshire.  Hyatt'  has  figured  sections  of  the 
last  with  a  short  description,  but  he  took  the  recent  Nautilus  as 
a  key  to  the  understanding  of  the  parts,  therefore  I  think  it  worth 
while  to  redesoribe  it  with  the  help  of  a  large  aeries  of  sections  of 
other  Ammonites. 

In  the  Ammonites  and  Nautili  the  inner  layer  appears  to  be 
composed  of  fine  laminse  of  calcium  carbonate  and  conchiolin, 
alternating  in  varying  thicknesses,  but  always  very  fine;  Blake' 
gives  Tjrkifv  to  ^^tttt  inch  as  the  thickness  of  those  of  the  reoent 
Nautilus,  and  the  Ammonite  laminsa  are  about  the  same.  These 
laminse  have  been  taken  to  constitute  the  primary  structure  of  the 
shell,*  and  this  idea  is  helped  by  the  fact  that  the  shell  tends  to 
split  parallel  to  them,  and  thereby  causes  dissolution  and  re- 
orystallization  to  follow  the  same  lines,  by  sucking  the  water  into 
the  cracks  by  capillary  attraction ;  hence  we  see  in  the  mineralized 
shell  the  laminsB  reproduced.  But  under  favourable  conditions,  as 
when  the  shell  is  preserved  in  clay,  such  as  is  beautifully  seen  in 
Am.  (Ludmgia)  opalinut,  Eein.,  from  Haresfield,  this  laminated 
structure  becomes  obliterated,  while  the  real  primary  structure  is 
preserved.  This  consists  of  innumerable  prisms  standing  per- 
pendicular to  the  surface,  and  united  (probably,  as  we  shall  see 
later,  by  the  interlocking  of  their  component  crystals)  into  a  self- 
supporting  tissue.  These  prisms  also  may  be  faithfully  reproduced 
in  other  minerals,  as  in  the  Blackdown  Ammonites,  Am.  (Schloen- 
hachia)  varicosua,  Sow.,  and  Am.  (Haplitea)  denarius,  Sow.,  where 
the  shell  has  a  pink,  faintly-iridescent  hue,  which  may  be  con- 
verted into  marked  iridescence  by  soaking  chips  in  Canada  balsam, 
when  they  will  show  the  pri8m8  well,  although  they  now  consist  of 
silica;  and  also  in  the  Gault  Ammonites,  e.g.  Boplites  splendens, 
Sow.,  where  the  pyritized  prisms  may  be  seen  on  looking  at  the 
surface  with  a  i^inch  objective  by  reflected  light.  In  Am.  {Ludwigia) 
opalinuB,  Hein.,  Am.  (Amaltheua)  (hex,  Quenst.,  Am.  {Coamoceran) 
Jaaon,  Hein.,  as  they  usually  occur,  the  shell  is  white  and  opaque, 
though  otherwise  unaltered ;  when  thin  tangential  sections  of  these 
are  soaked  in  Canada  balsam  they  become  perfectly  iridescent,  and 
show  unmistakably  the  prismatic-  without  the  laminated-structure  : 
shells  which  have  the  latter  only  are  incapable  of  regaining  their 
natural  lustre.  This  deals  the  death-blow  to  the  theory  of  iri- 
descence caused  by  outcropping  of  the  laminsd  in  fine  lines,  as 
illustrated  by  the  celebrated  Barton  buttons;  or  by  means  of 
alternating  films  of  different  optical  density,  provided  by  the 
calcium  carbonate  and  conchiolin ;    while  it  clearly  indicates  that 

^  F.  Ton  B5mer,  Jahresber.  Schlesisch  Gesells.,  Breslaa,  1873. 

•  Loc.  eit,  '  British  Fossil  CepbaloDoda. 

*  Carpenter,  Brit.  Absoc.  Beports,  1847,  p.  46 ;  Sorby,  Pres.  Adoress,  Geol.  Soc., 
W9,  fays  the  lamiiue  are  pierced  by  fine  needles  of  aragonite,  p.  31. 
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the  trns  txaae  ii  to  b«  fannd  in  the  ultimate  atniotDre  of  the  prismi. 
In  offering  a  now  theory,  I  will  suppose  that  oalaiutu  carbonate 
is  deposited  in  the  fonn  of  flat  rhombohetJra,  since  I  have  reason  to 
believe  that  the  shells  of  Ammonites  and  Nautili  oonsist  of  oalcite ; 
hut  if  the  oaloium  oarhonate  orystallizes  in  the  rhombic  system, 
a  similar  form  oould  be  ■nbstitut«d  without  injuring  the  conulusion. 
The  shell  snbstanoe  as  it  is  poured  out  from  the  mantle  surface 
ooDsista  of  a  gelatinous  mass,  holding  calcium  cArbonate  in  solution 
(mnooBo-oretacee  of  Blainrille '),  and  may  be  seen  in  that  condition 
on  the  inside  of  a  newly-opened  oyster-sbell.  This  homogeneous 
secretion  hardens  by  the  separation  of  the  calcium  carbonate  in  the 
crystalline  state,  while  the  oonohiolin  moulds  itself  around  the 
growing  crystal.  Eventually,  then,  there  is  formed  a  thin  mem- 
brane of  oonohiolin  with  innanierable  flat  rhombobedta  lying 
imbedded  in  it;  the  animal  matter  on  their  broad  faoea  forming 
the  oonchiolin  lamins,  while  that  on  the  short  faces  forms  the 
boundariea  of  the  future  prism.  Now  supposing  the  subsequent 
layera  place  their  positive  rhombobedra  on  the  positive  ones  of  the 
first,  and  the  negstiTe  on  the  negative,  we  shall  finally  get  two  sets 
of  columoB  leaning  in   opposite  directions  (Woodcut  2),  auoh  as 


we  find  in  the  shells  of  Gasteropods.'  If,  however,  the  positive 
ihombohedra  are  placed  on  the  negative  ones  of  the  layer  before, 
and  vice  ttrtA,  we  shall  get  columns  perpendicular  to  their  base,  but 
with  a  jagged  outline  (Woodcut  1).  Tliat  the  crj'stals  of  one  layer 
have  the  power  to  influence  those  of  the  next  is  shown  in  the  outer 
layer  of  the  Nautilus,  where  the  proximal  granules  are  iu  optio 
continuity  with  the  prisms  below. 

The  latter  of  the  two  oases  is  that  which  may  very  well  he 
imagined  to  obtain  in  the  nacreous  shells  of  the  Cephalopoda ;  for  it 
explains  why  the  columns  hold  together  so  firmly,  namely,  by  the 
interloclcing  of  the  projecting  angles  of  the  rhombobedra;  and,  also, 
light  entering  such  a  tissue  would  be  refleoted  and  broken  up  into 
its  constituent  colours  by  the  myriad  points,  and  would  emerge 
coloured  in  all  the  tints  cf  the  rainbow,  as  we  actually  see  to  be  the 
case.  The  conohiolin  in  the  recent  Nautilus  is  not  very  apparent 
round  the  individoal  crystals,  owing  to  its  being  caught  between  the 
zigzag  boundaries;   but  in  the  extreme  edge  of  the  section,  where  it 

t,  1826. 

I,  ISoS,  also  Carpenter,  iae.  eit. 
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is  only  one  lamina  thick,  it  becomes  much  more  marked.  Dotted 
about  the  tangential  section  there  are  specks  of  conohiolin  whidi 
look  as  if  they  were  tubules,  but  these  are  not  seen  in  longitndinal 
section  and  may  be  explained  as  places  where  two  adjacent  crystals 
fail  to  interlock.  In  parallel  polarized  light,  the  tangential  sectioa 
of  the  prisms,  which  show  as  tiny  ovals,  are  not  isotropic,  proving 
that  they  are  not  crystal  prisms  with  basal  planes;  while  in  con- 
vergent polarized  light  a  beautiful  monazial  cross  is  given  (as  is  the 
case  also  in  the  recent  Nautilus),  due  probably  to  the  aggregation 
of  organic  and  inorganic  particles. 

In  the  longitudinal  section  of  the  extreme  edge  of  the  living- 
chamber  of  Am.  (Microeeras)  planicosta,  Sow.,  Fig.  1  (p.  253),  the 
newly-formed  prisms  fan  out  slightly,  producing  a  crinkling  of  the 
surface,  which  afterwards  disappears  by  the  straightening  out  of 
the  prisms.  This  is  due,  undoubtedly,  to  growth  by  intussusception ; 
not  by  means  of  actual  canals  as  EoBnigsbom^  and  others  have 
supposed,  but  rather  by  the  shell-building  material  being  passed  on 
through  the  conchiolin,  just  as  water  in  the  soil  is  passed  on  from 
grain  to  grain,  though  no  conduit  is  seen.  Carpenter  has  also 
shown  that  slight  intussusception  goes  on  in  the  Lamellibranoh  shell, 
for  he  says  that  the  boundaries  of  the  prisms  in  Mya  arenaria,  L., 
become  obliterated  in  old  age. 

The  outer  layer,  corresponding  to  the  porcellanous  one  of  the 
Nautilus,  is  usually  taken  to  be  represented  by  a  dear  crystalline 
deposit  external  to  the  prismatic  zone,  as  is  shown  in  Am.  plant* 
eoBia  figured  by  Hyatt.'  But  my  section,  Fig.  1,  of  the  same, 
from  the  same  material,  shows  that  this  is  nothing  else  than 
part  of  the  inner  layer,  which  has  split  before  the  rest,  and  so 
drawn  in  the  re-crystallizing  water,  for  the  clear  band  is  seen 
dipping  inwards  and  separating  the  true  prismatic  layer  at  the 
edge.  In  another  section,  Fig.  2,  showing  the  wall  of  the  living- 
chamber,  the  evidence  of  the  origin  of  this  outer  layer  is  still 
plainer.  In  most  cases  that  I  have  examined  the  so-odled  outer 
layer  in  like  manner  seems  to  be  the  outer  part  of  the  prismatic 
layer  re-crystallized;  it  is,  however,  probable  that  a  porcellanous 
outer  layer  did  exist,  but,  owing  to  its  granules  not  being  united 
into  a  self-supporting  tissue,  it  was  quickly  dissociated  on  the 
death  of  the  shell.  Thus,  in  Fig.  I  the  homy  matter  at  the  end 
seems  to  have  terminated  such  a  layer  which  has  gone,  while  in 
a  Lias  nodule  containing  Am,  {Orammoeeras)  radians,  Schloth.,  there 
appears  to  be  an  actual  granular  layer  (o),  preserved  between  two 
adjacent  whorls.  Fig.  3.  Again,  in  Crioceras  CaUomenae,  Morris, 
there  is  a  clear  band  of  re-crystallized  matter  surrounding  even 
the  extreme  edges  of  the  spines ;  this  is  probably  the  representative 
of  the  outer  granular  layer,  for  if  it  were  part  of  the  inner,  one 
would  think  that  it  would  break  through  the  bases  of  the  spines. 

>  Untereuch.  ii.  crust.  Panzer  u.  Molluak.  schaal.,  Berlin,  1877.  Of  course 
I  do  not  mean  here  that  growth  from  within  can  go  on  to  the  extent  that  Mery 
postulated,  Hist,  de  I'Acad.  rog.  des  Sd.,  M6m.,  1710. 

'  Jtoe,  eit. 
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Tfae  onter  layer  then,  tboagh  it  oan  be  d«moDitntod  in  a  few  ouhi 
ii  ordiDRrilj  absent  in  the  praeerved  shells. 

The  Mpta  of  Ammonitee  are  identical  in  stnioture  with  that  of 
the  naoreooa  layer,  thongh  the  septa  of  the  recent  Nautilu  presents 
nunj  differenoet  from  tJie  true  nacie. 


Fw. 


EXPLANATION    OF   FIGURES. 


Sectiaii  of  the  pitrcme  edge  of  the  liTing-chiimh«r  of  Am.  {Mierecrrai) 

pimicottit.  Sot.  a,  w-calkd  oater  Inyer  puuing  between  piirti'iiu  of 
the  prumutic  Inyer  at  i ;  e,  priams  slifrhtly  beat  lima  the  Btrni;;ht  line ; 
d,  Isjer  »eparatinff  the  pmmatic  fium  the  Tsniahed  outer  layer; 
t,  teTminal  rim  of  conchiolin. 
*iO-  2.  Sectionof  tha  some  ihowiDg  the  w-ciilled  outer  layer  ruoning  between 
portioiw  of  the  prinnatic  tayui. 
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Fio.  3.  Section  of  Am.  {Orammoeerat)  radiam^  Schloth.,  from  Bridport,  showing 
the  fourth  whorl  with  a  granular  layer,  a,  interposed  between  it  ana 
the  next ;  b^  deposit  in  the  keel ;  e,  siphunde  with  the  outer  sheath, 
d,  N.B.  the  shell- waU  is  not  continuedf  oTer  the  back  of  tiie  smaller 
whorl. 

Fio.  3a.  A  section  of  the  fifth  whorl  showing  the  deposit  (b)  in  the  keel  splitting 
to  form  the  hollow  keel. 

Fio.  4.  Section  of  the  junction  of  the  seventh  and  eighth  whorls  in  Am.  (Amaltheiu) 
margaritaiM,  Schloth.,  showing  the  wrinkled  layer.  At  a  it  has  been 
pushed  away  from  the  inner  shell;  6,  deposit  in  the  keel,  which  does 
not  split  in  this  species. 

Fio.  5.  Portion  of  the  same  enlarged,  a,  a,  nacreous  layer  of  the  larger  whorl 
terminating  abruptly  at  ^;  «,  nacreous  layer  resting  on  the  apices  of 
the  wrinkled  layer,  and  which  is  not  continuous  with  that  of  the  sides 
of  the  shell ;   <f,  <f,  </,  sections  of  the  septa. 

Fio.  6.  Three  wrinkles  enlarged,  from  the  same. 

In  forms  with  a  hollow  keel,  constituting  the  group  Faleoideii  of 
Y.  Sohwarz,^  the  space  included  in  it  is  commonly  considered  to  be 
bounded  on  the  inner  side  by  the  prismatic  layer,  and  on  the  outer 
by  the  porcellanous  one.'  I  have  not  been  able  to  examine  the 
typical  case  of  Am.  (Oxynoticeras)  oxynotum,  Quenst.,  as  all  our 
English  specimens  are  represented  as  casts ;  but  what  I  have  said 
about  the  doubtful  nature  of  the  so-called  outer  layer  seems  to 
throw  suspicion  on  its  ever  so  occurring.  In  Am,  (Grammocerca) 
radians,  Schloth ,  however,  in  about  the  third  whorl,  a  thin  layer  of 
prismatic  tissue  arises  in  the  keel,  quite  separate  from  the  usual 
nacre;  this  grows  in  thickness  as  the  shell  increases  in  size,  till 
about  the  fifth  whorl  it  splits,  and  encloses  a  triangular  cavity  which 
eventually  becomes  the  hollow  keel  in  the  adult.  The  cavity,  then, 
is  bounded  by  its  own  peculiar  paries  (6),  and  is  really  a  separate 
tube  closed  at  the  end,  and  has  all  the  nacreous  layer  external  to  it 
(see  Fig.  3a).  In  Am.  {Amaltheus)  margaritatus,  Schloth.,  a  similar 
deposit  occurs,  but  does  not  split.  Whether  the  hollow  keel  is 
invariably  formed  in  this  way,  I  have  not  examined  sufficient 
material  to  state. 

An  analogous  phenomenon  is  the  case  of  hollow  tubercles  whose 
cavity  is  cut  off  from  that  of  the  air-chambers ;  in  casts,  therefore, 
the  prominences  are  not  represented.  Such  is  the  case  in  Am. 
(Ltparoceraa)  Henleyi,  Sow.,  where  the  prismatic  layer  divides,  and 
a  thin  bridge  of  nacre  separates  the  two  cavities. 

That  the  chambers  do  contain  gas,  I  think,  is  proved  by  those 
of  the  Nautilus  containing  a  gas  differing  from  ordinary  air  in  its 
greater  percentage  of  nitrogen^;  and  their  use,  I  think,  may  be 
understood  from  the  habits  of  their  living  relative,  the  octopus,* 
which  are  in  all  probability  similar.  This  latter  when  it  darts 
upon  anything,  such  as  a  crab  falling  through  the  water,  shoots 
backwards  just  above  it,  and  the  prey  is  caught  in  the  swirl 
following  in  the  animal's  wake,  and  is  easily  surrounded  by  its 
arms.     It  would  obviously  be  an  advantage  if  the  hinder  portion, 

*  Inaug.  Dissert.  Tubingen,  Salzburg,  1873. 

'  Hyatt,  Arietidae,  p.  216 ;  Haug,  Neues  Jahrb.,  1886,  pt.  iii,  p.  693. 

»  Vrolik,  Ann.  Mac:.  Nat.  Hist.,  xii,  1843,  p.  173. 

«  Steinmann,  Berich.  d.  Naturforsch.  Gesell.,  Freiburg,  1889,  vol.  vr. 
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or  that  which  cleaves  the  water,  were  lifted  up  in  readiness  to 
spring,  and  this  appears  to  have  been  one  of  the  functions  of  the 
Bhell. 

The  peculiar  layer  interposed  between  two  successive  whorls  in 

•ome  Ammonites  has  been  termed  the  **  wrinkled  layer"  by  Hyatt/  as 

a  translation  of  the  "  Bunzelschicht "  of  Sandbetger'  and  Quenstedt,' 

or  the  "Conohe  ridee"  of  Barrande/    It  is  homologous  with  the 

"  black  layer  "  of  the  Nautilus,  which  sometimes  presents  a  striated 

appearance.^      It  has    been    observed  in   Glymenia  {Oxyclymenia) 

9triata,  Miinst,  and  CL  (Oxyclymenia)  pseudogonites,  Sandb.®     In  the 

Goniatites  it  is  also,  occasionally,  seen,^  as  in  O.  (GephyroceraB) 

hitumescenM,  Beyr.,  and  G.  (Tomoceras)  retrorsuSf  v.  Buch.     In  the 

early  true  Ammonites,  also,  it  is  very  frequently  well  preserved,  as 

in  Arcesteif  Qad%icite$,  PiyehiieBf  Gymniles,^  FrotensiteB*  etc. ;  in  the 

later  forms  it  has  not  been  so  often  recorded,  but  when  it  does  occur 

jt  does  so  in  a  greater  degree.     In  Am.  (Liparoceras)  Henleyiy  Sow., 

H  forms  strong  spiral  ribs  over  the  ventral  wall.   In  Am.  (Amaltheus) 

^argariiatuSy  Schloth.,  it  reaches  its  highest  development,  as  was 

pointed  out  by  Quenstedt,^^  and  I  have  specimens  from  Dundry  and 

Bridport  showing  it  well.     In  the  latter  specimen  the  wrinkled 

^yer  arises  about  the  fifth  whorl,  or  at  the  age  when  the  keel  first 

^)eoomes  prominent,  and  in  two  more  whorls  attains  the  complexity 

^gured  in  Figs.  4-6.     In  the  more  enlarged  drawing  (Fig.  5)  the 

jiiner  layer  of  the  larger  whorl   is  seen  to  end  abruptly   where 

U  reaches  the  inner  whorl,  and  takes  part  only  in  the  first  three 

Wrinkles.     At  the  fourth,  the  true  wrinkled  layer  begins,  consisting 

of  a  brown  homy  material  pleated  into  steep  parallel  folds,  which 

often   split   or   bifurcate.     In   life  it  probably   consisted   of  pure 

oonchiolin :  and  as  we  often  find  a  black  material  taking  the  place 

of  conchiolin,  as  between  the  prisms  of  the  shell  of  Turbo  picoy  the 

homology  between  the  black  layer  of  the  Nautilus  and  the  wrinkled 

layer  is  strengthened.     Besting  upon  the  apices  of  the  folds  is  the 

dorsal  inner  layer,  which  is  not  continuous  with  the  innqr  layer, 

such  as  is  found  on  the  free  sides  of  the  shell. 

The  only  use  that  I  can  see  for  a  layer  so  developed  is  that  it 
served  as  a  spring  cushion  whereby  the  shocks  which  the  animal 
gave  to  its  shell  when  shooting  backward  were  deadened,  the 
conchiolin  being  eminently  adapted  for  the  pui*pose.  And  this  view 
is  supported  by  the  fact  that  in  Am.  margaritatus  it  first  appears  at 
the  same  time  that  the  keel  does,  which  was  used  to  divide  the 
irater  and  allow  the  animal  to  dart  more  quickly. 

'  Bull.  Mas.  Comp.  Zool.,  Cambridge,  1871,  vol.  iii,  p.  91. 
'  Yeretein.  d.  Rhern.  Schichisyst.  in  Nassau,  1850,  p.  68. 
'  Petrefaktenknnde  Deutachlands,  pt.  i,  1846. 

*  Syst.  Silur.,  vol.  ii,  p.  23,  1867. 

^  Palseontographica,  toI.  iv,  p.  184. 

*  Verhandl.  d.  Natorhist.  VereiM.  d.  preuss.  Bheinlande,  1863,  vol.  x. 
"^  Ke^^rling,  Reise  in  das  Petschoraland,  St.  Petersburg,  1846,  p.  274. 
"  MojsisoTiGs,  Med.  Trias  Provinz,  Abh.  geol.  Reichsanst.,  Wien,  1882. 

*  Hauer,  Trias  ▼.  Bosnien,  Denksch.  AJud.,  Wien,  1892,  toI.  lix. 
^  Loe.  cU.  p.  93,  fig.  144^. 
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Under  the  name  "  Epidermiden "  there  have  been  deecnhed 
markings  on  the  inner  surfaoe  of  the  living-chamber  of  the  foesiU 
chambered  Cephalopoda,  which  are  probably  homologous  with  the 
soft  lattice  markings  on  the  inside  of  young  NaatilL^  Barrande 
(loc  ciL)  has  described  them  in  detail  for  the  fossil  Naatili  and 
Ooniatites  of  the  Silurian,  under  the  name  '*  stries  creases "  (some- 
times stries  d'eraillure;  Grerman,  Bitzstreifung'),  and  noticing  that 
they  are  absent  in  forms  with  a  contracted  mouth,  he  argnes  that 
their  function  was  to  secure  the  animal  in  its  shelL  In  these  forms 
they  consist  of  very  fine  dose-set  striations  oblique  to  the  direction 
of  the  ornaments  of  the  shelL  Similar  structures  are  developed  in 
Ceratites,'  but  especially  in  the  Triassic  Ammonites,  Ptyehiie$f 
KUpateiniaf  etc.  In  later  forms  they  have  not  been  frequently 
observed,  probably  owing  to  the  small  attention  paid  to  casts  of 
the  interior  when  specimens  with  the  shell  on  can  be  obtained: 
however,  I  have  noticed  them  in  a  large  Am.  (Mierocertu)  eapri' 
comi$,  Schloth.,  from  Chideock.  The  ''stries  creases"  were  formed 
probably  during  the  time  that  the  hinder  portion  of  the  mantle  was 
secreting  the  new  septum ;  for,  while  that  was  going  on  there  would 
be  an  absolute  necessity  for  the  animal  to  be  kept  firmly  fixed  in  its 
new  position,  and  to  be  able  to  withstand  the  pressure  of  water 
from  without  The  muscles  of  the  mantle  therefore  became  tightly 
stretched,  thereby  producing  little  ridges  and  hillocks  around  areas 
of  non-compressibility,  and  a  condition  of  things  arose  similar  to  the 
"  goose-fiesh  "  of  the  human  integument,  which  is  caused  by  con- 
traction of  the  skin  round  the  hair  papillsd. 

In  Am.  (Deroceraa)  Dudressterif  d'Orb.,^  Am,  (Arteiites)  ohtvsuB, 
Sow.,  and  Am.  {Arietiies)  stellaris,  Sow.,^  there  appears  to  be  a  third 
layer  deposited  on  the  exterior  of  the  shell  in  senile  forms,  and 
presents  an  ornamentation  which  is  unique  among  the  vast  series 
of  forms. 

The  siphuncle  in  the  Ammonites  is  often  beautifully  preserved  as 
a  homy  tube  frequently  distorted  from  its  normal  circular  form, 
Fig.  3.  This  is  equivalent  to  the  inner  conchiolin  sheath  of  the 
Nautilus'  siphuncle,  and  in  many  cases  (Fig.  3d)  there  is  evidence 
of  a  sheath  surrounding  this  inner  one,  but  in  no  case  that  I  have 
examined  does  this  second  one  bear  spicules  as  in  Nautilus 
pompiliuSf  L.^ 

1  Sandberger,  G.,  Schrift  d.  oberhesa.  Gesells.  f.  Natur  u.  Heilkimde,  Xo.  irii, 
p.  79,  1869. 

^  Sandberger,  G.,  Jahrb.  d.  Vereins.  f.  Naturkunde,  Wiesbaden,  vii,  p.  292,  1861. 

'  Eck,  Zeits.  deutsch.  geol.  Gesells.,  p.  276,  1879. 

*  "Wright,  Liaa  Ammonites,  Pal.  Soc.,  pi.  xxv. 

^  Oppel,  Die  Juraformation,  Jahresh.  d.  Vereins.  f.  Naturkunde,  Stuttgart, 
Tol.  xii,  1866. 

^  Brooks,  Proc.  Boston  Nat.  Hist.  Soc,  vol.  xxiii,  p.  380. 
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B]r  Lient. -(General  C.  A.  McMahon,  V.P.Q.S., 
and  W.  Matnaro  Hutcuznos,  F.G.S. 

THE  January  number  of  this  Magazine  contains  an  interesting 
paper  on  a  soda-bearing  rock  from  Dinas  Head,  Cornwall,  reiid 
bj  Mr.  Howard  Fox,  F.O.S.,  at  the  Oxford  meeting  of  the  British 
Association.  Mr.  J.  J.  Harris  Teall,  RRS.,  supplied  notes  on  the 
microscopic  structure  of  some  of  the  specimens ;  and  four  chemical 
analyses  by  Mr.  J.  Hort  Player  and  Mr.  Arthur  F.  Hosking  are 
given  in  the  paper,  from  which  it  appears  that  the  specimens 
analysed  are  composed  of  from  64  to  66  per  cent  of  silica ;  from 
19  to  20  per  cent  of  alumina;  9*8  of  soda;  and  small  amounts 
(generally  under  1  per  cent.)  of  potash,  titanic  acid,  ferric  and 
ferrous  oxides,  magnesia  and  lime. 

A  sketch  of  a  nodular  spherulitic  specimen  is  given  at  page  18, 
GsoL.  Mao.  1895. 

In  a  subsequent  paper  ^  read  by  Mr.  Fox  before  the  Boyal 
Cornwall  Qeological  Society  in  1894,  other  specimens  from  the 
same  locality,  the  microscopical  examination  of  which  was  under- 
taken by  one  of  the  authors  of  this  paper,  are  described. 

Some  of  the  soda  rocks  from  Dinas  Head,  which  form  the  subject 
of  this  paper,  contain  a  number  of  nodules  closely  resembling 
spherulites  to  which  it  seems  desirable  to  invite  the  attention  of 
petrologists.  They  are  mostly  in  rounded  forms,  but  owing  to  their 
interference  with  each  other's  growth,  thin  sections  of  them,  under 
the  microscope,  sometimes  present  irregular  hexagonal  outlines. 
Superficially  examined  they  greatly  resemble  true  spherulites,  and 
have  been  accepted  as  such  by  some  good  observers. 

The  main  question  which  arises  in  connection  with  these 
npherulites  is,  whether  they  are  of  igneous  origin,  and  denote 
a  vitreous  igneous  rock,  or  whether  they  represent  contact  action 
exercised  on  a  sedimentary  rock.  After  a  prolonged  study  of  the 
specimens  sent  to  him,  General  McMahon  came  to  the  conclusion 
that  they  are  sedimentary  rocks  indurated  and  altered  into  a  variety 
of  porcellanite,  or  adinole,  by  contact  metamorphism. 

The  structure  of  the  base  in  which  the  pseudo-spherulites  are 
imbedded  might  be  described  as  micro-granular  or  crypto-crystalline; 
and  it  is  not,  taken  alone,  of  sufficiently  distinctive  character  to 
enable  a  petrologist  to  answer  the  above  question  offhand.  One 
sees  this  structure  in  some  altered  sedimentary  beds,  and  also  in 
some  igneous  rocks.  In  such  cases  one  has,  before  arriving  at 
a  verdict,  to  search  for  felspar  prisms,  or  microlites,  scattered  about 
>Q  the  base,  and  these  are  rarely  absent  in  rocks  of  igneous  origin. 
^Q  the  rocks  under  discussion,  if  we  exclude  the  pseudo-spherulites 
''■oni  consideration,  not  a  single  lath-shaped  prism  of  felspar,  or 
^^^orolith,  is  to  be  found  in  the  base.  On  the  contrary,  one  of  the 
*^'des  contains  evidence  which  points  decidedly  to  a  sedimentary 

Kotes  on  the  Cherts  and  AMociated  Rocks  of  Boundhole  Point,  Cataclews  Point, 
*^  Dinis  Head.    Trans.  B.C.G.8.  1894. 
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origin.  Here  and  there  a  very  fine-grained  lamination  is  to  be 
observed  in  the  base.  The  micro-granules  are  arranged  in  perfectly 
parallel  straight  lines,  very  close  together,  and  possess  a  rigidly 
parallel  structure,  like  the  lamination  of  a  very  fine-grained  sedi- 
mentary rock,  and  unlike  the  foliation  of  an  igneous  rock.  It  seems 
altogether  unlikely  that  a  fine-grained  laminated  structure,  like  that 
seen  in  the  slide  referred  to,  in  rigidly  parallel  lines,  could  have 
been  produced  here  and  there  in  isolated  patches  in  a  vitreous  rock 
of  igneous  origin.  'ITieir  presence,  however,  in  a  partially  melted 
fine-grained  sedimentary  rock  is  easy  of  comprehension. 

The  pseudo-spherulites  in  the  Dinas  Head  specimens  present, 
on  careful  examination,  some  features  different  from  the  normal 
spherulites  of  glassy  igneous  rocks.  The  pseudo-spherulites  do  not 
exhibit  a  dark  cross  when  revolved  between  crossed  nicols.  Indeed, 
the  base  of  these  sperulites,  namely,  the  micro-granular,  or  crypto- 
crystalline  material  seen  in  the  centres,  and  between  the  blades  of 
the  felspar  prisms,  which  radiate  from  the  margins  of  the  spherulites 
towards  their  centres,  does  not  possess  a  fibro-radial  structure  at  all; 
and  does  not  in  any  way  differ  in  structure  from  the  crypto-  or 
micro-grnniilar  base  outside  the  boundaries  of  the  pseudo-spherulites. 

In  normal  spherulites  the  radial  fibres,  or  fibrous  prisms,  have 
straight  extinction  ;  whereas  in  the  Dinas  Head  pseudo-spherulites 
the  prisms  which  radiate  from  the  outer  edge  towards  the  centre 
(which  they  never  reach)  are  those  of  a  triclinic  felspar  and  have,  in 
every  case,  oblique  extinction. 

The  conclusion  reached  by  General  McMahon  regarding  the 
pseudo-spherulites  of  the  Dinas  Head  soda  rocks  is,  that  they  are 
the  product  of  contact  action  by  a  basic  trap  on  a  sedimentary  rock 
which  either  contained,  in  whole  or  in  part,  the  chemical  constituents 
of  albite;  or  into  which  those  constituents  were  introduced,  in 
whole  or  in  part,  at  the  time  the  contact  action  took  place. 

As  the  presence  of  spherulites  in  a  vitreous  rock  has  been 
regarded  by  many  petrologists  as  evidence  of  the  igneous  origin 
of  the  rock  in  which  they  occur ;  and  as  a  metamorphic  origin  has 
not  hitherto,  so  far  as  we  are  aware,  been  suggested  for  spherulites, 
this  determination  seemed  worth  noting. 

The  independent  researches  of  Mr.  Hutchings,  in  another  locality, 
carried  out  at  the  same  time,  has  supplied  the  needed  confirmation. 
This  confirmation  is  all  the  more  important  as  no  doubt  can  be 
entertained  regarding  the  sedimentary  origin  of  the  rocks  studied 
by  Mr.  Hutchings  and  described  in  the  March  number  of  this 
Magazine.  They  are  shales  forming  part  of  beds  of  limestone, 
sandstone,  and  shales,  in  contact  with  the  Whin  Sill,  and  still 
retaining  in  their  altored  condition  abundance  of  clastic  quartz- 
grains  and  other  witnesses  to  their  original  nature,  even  if  this 
was  not  as  positively  assured  as  it  is  by  the  field  evidence. 

In  these  altered  shales  Mr.  Hutchings  describes  at  pages  124,  125 
nodules  which  exhibit  under  the  microscope  much  the  same  general 
character  as  those  of  the  Cornish  rocks,  and  which  contain  in  some 
cases  numerous  well-developed  spherulitic  aggregates  of  fibres  of 


Ti*of^  Sollas — Olivine  Converted  into  Serpentine.         2o9 

felspar  and  quartz,  some  of  the  best  of  which  show  tolerAbly  gnod 
black  crosses  on  rotation  in  polarized  light,  and  are  as  well  entitled, 
or  even  more  so,  to  the  name  of  pseudo-spherulites  as  are  those  in 
the  soda  rooks  of  Dinas  Head. 

The  above  observations,  taken  together,  seem  to  establish  con- 
clusively that  spherulitic  structure  is  not,  taken  alone,  evidence 
of  the  igneous  origin  of  the  rock  exhibiting  it;  and,  furthf^r,  that 
spherulites  are  sometimes  the  product  of  con  tact- metamorphism. 


YI. — On  thk  Conversion  of  Olfvinb  into  Serpicntine. 

By  Profeaaor  W.  J.  Sollas,  D.Sc.,  F.E.S. 

IN  the  last  volume  of  the  Annals  of  British  Geology  (1893),  just 
publinhed.  Professor  Blake  gives  an  abstract  of  a  paper  by  me 
on  "Variolite  from  Hound  wood,"  ^  and  incidentally  calls  attention 
to  the  discordance  between  the  formulas  given  by  General  McMahon,' 
Dr.  Roth,'  and  myself,  to  explain  the  conversion  of  olivine  into 
serpentine.  I  hasten  at  once  to  correct  a  slight  error  which  occurs 
in  my  equation,  but  which,  fortunately,  does  not  affect  the  principal 
result  of  the  argument,  as  the  correct  formula  was  used  in  making 
calculations.     Amended,  my  equation  is  as  follows  : — 

2  Si  (O,  Mg),  +  2  H,  0  =  Si,  0  (0,  Mg)  (0  H),  (0  Mg  0  H)^  +  Mg  0 

Olivine  Serpentine  (Tschermak) 

or, 

Ditto  =  Si,  (0,  Mg),  (0  H),  (0  Mg  0  H)  +  Mg  0 

Serpentine  (Clarke  and  Schneider) 

The  fate  of  the  molecule  of  Mg  0  on  the  right  is  not  indicated  liere. 
General  McMahon*s  equation  is  essentially  similar  to  this,  but  less 
detailed.     Roth's  may  be  represented  thus : — 

5  Si  0,  Mg,  +  4  H,  0  =  2  Si,  0^  Mg,  H,  +  4  Mg  0  +  Si  0, 
Olivine  Serpentine 

Since  4  Mg  0  +  Si  0,  is  equivalent  to  Si  O4  Mg,  +  2  Mg  O,  it  would 
appear  that  Roth  puts  one  molecule  of  olivine  into  the  left-hand  side 
of  the  equation  to  take  it  out  again  on  the  right.  The  explanation 
of  this  is,  that  while  four  molecules  of  olivine  suffice  to  supply  the 
material  of  two  molecules  of  serpentine,  five  molecules  are  needed  to 
furnish  the  space  occupied  by  this  serpentine.  The  fifth  molecule  of 
olivine  is  carried  away  by  water  as  well  as  one  molecule  of  magnesia 
liberated  in  the  process  of  serpentinization  of  the  other  four,  and 
from  this  excess  of  material  the  minerals  magnesite,  hydrotalcite, 
and  quartz,  which  are  found  associated  with  serpentine,  are  produced. 
In  my  treatment  of  the  process  I  simply  pointed  out  that  the 
hydration  of  olivine,  by  which  it  gives  rise  to  serpentine,  is 
accompanied  by  an  increase  in  volume  amounting  to  30  per  cent, 

'  Sci.  Proc.  Hoy.  Dublin  Soc.  vol.  viii,  new  scries,  p.  110. 
'  Proc.  Creol.  Assoc,  vol.  xi,  p.  427. 

3  Abh.   d.   k.   Akad.   d.  Wiss.  Berlin,    1869,   p.  329  (cited  by  Teull,   British 
Petroj^phy,  1888,  p.  105),  Chemische  Geologic,  Bd.  i,  p.  116. 
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the  odd  molecule  of  inagneBia  set  free  on  the  right-hand  side  of  the 
equation  being  disregarded ;  and,  since  pseudoniorphs  of  serpentine 
after  olivine  generally  retain  the  precise  form  and  dimensions  of  the 
crystals  they  replace,  I  conjectured  that  the  surplus  of  30  per  cent 
might  be  partly  represented  by  the  veins  of  ohrysotile,  which  so 
freqiiently  traverse  serpen  tinous  rocks. 

Zirkel,  in  his  great  work,^  discusses  the  subject,  and  points  to  an 
experiment  of  K.  Miiller,*  who  found  that  under  the  action  of  water 
containing  carbonic  acid  powdered  olivine  lost  a  part  of  its  silica 
and  magnesia,  and  almost  all  its  ferrous  oxide,  while  the  insolnble 
residue  consisted  of  silica  and  bases  in  approximately  the  same 
proportion  as  in  serpentine.  The  same  distinguished  author  also 
suggests  that  the  magnesia  liberated  from  olivine  may  assist  in  the 
serpen tinization  of  bronzite.  I  had  already  indicated  that  this  mij^bt 
be  possible  (p.  110,  op,  cit),  but  at  the  same  time  pointed  out  that 
the  increase  of  volume  in  this  case  must  be  even  greater  than  when 
olivine  alone  is  concerned,  as  is  shown  in  the  following  case : — 

Olivine.    Eastatite.     Water.     Serpentiiie. 

Molecules 4    -\-      2       +        6     =         3 

Volume     170    -j-    64*6    +    108     *     330 

whence  234*5  volumes  of  olivine  and  enstatite  give  rise  by 
hydration  to  330  volumes  of  serpentine,  an  increase  of  40  per  cent 
It  will  be  observed  that  the  volume  of  the  water  which  enters  into 
combination  is  neglected ;  if  this  be  taken  into  account  it  will  be 
found  that  in  accordance  with  the  general  rule  the  volume  of  the 
final  product  is  less  thnn  the  sum  of  the  volumes  of  its  constituents. 
A  consideration  of  such  changes  as  we  have  indicated  is  of  interest 
from  more  than  one  point  of  view.  The  marked  increase  in  the 
volume  of  the  solid  substances  produced  by  hydration  will  lead  us 
to  look  for  the  secondary  minerals  which  must  have  been  deposited 
in  association  with  serpentine  rock ;  while  the  large  quantity  of 
water  absorbed  in  the  reaction  may  well  impress  us  with  the 
important  part  played  by  the  hydration  of  minerals  in  removing 
water  from  the  liquid  envelope  and  locking  it  up  in  the  solid  form 
within  the  earth's  crust. 


VII. — On  the  Agb  of  thb  Tbaohytio  Hooks  of  Antrim. 

By  Alex.  McHenry,  M.R.I.A.  ;   Geological  Surrey  of  Ireland. 

[Communicated  by  permission  of  the  Director- General  of  the  Geological  Surrey.] 

SINCE  the  publication  of  the  Geological  Survey  Maps  and 
Memoirs  of  Antrim,  some  additional  evidence  has  been 
obtained  bearing  on  the  age  of  the  trachyte  of  that  district.  In  the 
year  1888,  when  engaged  in  traversing  a  line  of  section  running 
from  Belfast  in  a  northerly  direction  across  county  Antrim  to  the 
Giants'  Causeway,  I  was  fortunate  enough  to  notice  in  a  large 
chalk   quarry   at    Templepatrick    railway    station   evidence    which 

*  Lehrbuch  der  Petrographie,  1894,  p.  390. 
'  Min.  Mitth.  1877,  p.  36. 
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seemed  to  ibow  that  the  trachyte  was  later  than  the  Tertiary 
baaalt  eheetR  of  the  lower  diviBion  ;  and,  on  further  ioveetigatiou 
iiito  this  iDteresttiig  subject,  additional  evidence  was  procured  that 
the  trachytic  eniptioa  was  older  tliaa  the  sheets  ut  the  upper 
series,  and  was,  so  to  speak,  of  mid-basaltic  age.  Subsequently 
1  accompanied  the  D i rector- Q en eral.  Sir  Archibald  Oeikie,  on  his 
visit  of  iDspection  to  this  locality,  and  he  approved  oC  my  views. 
Professor  Gilbert,  of  the  United  States  Geological  Survey,  who  was 
with  us  at  the  time,  also  agreed  witii  the  conclusions  arrived  ac 

Tha  accompanying  sketches  and  seotiuns  will  serve  to  illustrate 
the  mode  of  ooourrenoe  of  the  trachyte  and  adjacent  rocks.  They 
were  made  at  the  time  of  my  first  visit  to  the  quarry. 

Fig.  1  shows  the  most  important  point  in  the  evidence  as  to  the 
relative  ages  of  the  trachyte  and  basalt.  It  will  be  seen  that  the 
trachyte  during  its  eruption,  in  the  form  of  a  Iaocolit(>,  swept 
the  eroded  chalk  surface  of  its  usual  superincumbent  flint  gravel 
bed,  which  is  composed  of  burnt  chalk  flints,  chalk  fragments,  and 
Fig.  1. 


Ted  marly  clay,  and  piled  it  np  against  the  opposing  and  evidently 
pre-exisling  barrier  of  basalt,  on  its  eastern  side.  The  columnar 
structure  in  the  trachyte  is  well  marked,  and  has  clearly  converged, 
during  the  cooling  process,  from  the  outside  towards  the  centre  of 
the  nias«,  while  a  beautiful  and  regular  flow  structure  is  apparent, 
running  parallel  to  its  outward  margin,  as  shown  in  Hketck 

Remnants  of  tlie  flint-gravel  bed  are  to  be  seen  in  a  few  pockets 
and  hollows  of  the  eroded  chalk  surface,  which  were  evidently  left 
behind  in  more  or  less  sheltered  places,  while  the  igneous  mass  was 
advancing. 

lliis  gravel  bed,  where  it  la  in  contact  with  the  trachyte,  haa 
been  baked  and  indurated  into  a  conipaot  and  solid  flinty  mass, 
while  in  every  other  instance  in  which  1  h&ve  seen  it  in  its  usual  or 
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normal  place  between  the  oLalk  and  basalt,  it  occotb  in  the  form  of 
a  loose  gravelly  clay. 

TLe  trachyte  in  ihia  locality  ie  generally  compact  and  fine-grained 
in  texture,  light-grey  and  white  in  colour,  eomettmea  mottled 
pinkish  ;  and  on  its  weathered  Hurface  bear«  a  close  reeemhlanoe  in 
colour  to  the  underlying  chalk,  so  mnoh  so,  that  n  casual  obaerrer 
might  at  first  eight  suppose  (he  chalk  and  trachyte  to  form  portions 
of  one  rock-mass.  The  basalt  is  of  the  usaal  ainygdaloidal  character, 
and  weathers  spberoidaMy. 

Fig.  i  shows  the  relative  position  of  the  rocks  in  the  west  end  of 
the  quarry,  and  it  is  interesting  to  note  how  the  trachyte  beh&vee  in 
this  instance.  It  has  forced  its  way  underneath  the  basalt  along  ibe 
zone  of  the  flint-gravel  bed,  which  it  carries  on  its  back,  and  at  one 
place  portiona  of  the  gravel  bed  rest  both  above  and  below  it. 
Fig.  2. 


■Wwt  end  of  TemplepatriA  QuanT,  eonntv  Antrim. 
C.  Chalk.  G.  Flint-gravel  bed.  B.  Lower  Basalt.  T.  Trach}1e. 
At  Ballypalady,  1^  miles  north-east  of  Templepafriok  Qiiarrv. 
evidence  exists  to  show  that  the  trschy'e  is  older  Ihnn  the  Upper 
Banallic  sheele,  and  at  Libbert  Bauxite  Mine,  nearGlenarm.  furfher 
proofs  on  this  point  are  to  be  found  in  (he  trachyte -conglomerate 
and  trachytic  sands  which  occur  between  the  Upper  and  Lower 
Banalts. 

Fip;.  3  is  a  section  of  the  Ballypalady  rocks  which  was,  and  is 
still,  I  believe,  to  be  seen  in  the  old  open  workings  of  the  pisolitic 
iron-ore  exfiavations.  The  bed  of  conglomerate  contains  rounded 
and  snbangular  lumps  and  finer  debris  of  the  Templepatrick  variety 
oF  trach.vte.  as  well  as  fragments  and  detritus  of  the  Lower  Basalt, 
the  whole  being  capped  by  Upper  Basaltic  sheets. 

This  ifl  one  of  the  localities  from  which  beautiful  plant  impressions. 

leaves,  fir-cones,  etc.,  were  obtained.     These  have  been  figured  and 

described  by  the  late  Mr.  W.  H.  Baily  snd  Mr.  J.  Starkie  Gardner. 

Fig.  4  is  a  section  of  the  Libbert  Mine.  Glenarm,  from  which 

^A  Sim  oollection  of  plants,  etc.,  was  also  obtained,  when  it  was  being 

IftlritBd  fjl^^HJI^wme  twenty  yeara  ago. 
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It  may  here  be  mentioned  that  those  two  plant  localities  are  on 
the  same  geological  horizon,  namely,  that  of  the  widely  extended 
pisolitio  iron-ore  zone  of  the  county.  The  Ballintoy  lignite,  iron- 
ore,  and  Bauxite  Mines  are  also  on  this  horizon. 

Fig.  3. 
BallypalAdy  section,  1}  miles  north-east  of  Templepatrick. 

Upper  Basalt  (compact  and  often  columnar). 

Brown  laminated  shale  and  Tolcanic  ash  (?}• 
Laminated  brown  impure  earthy  lignite. 

Brown  and  red  variegated  clays,  marls,  and  sandy 
beds,  with  irregular  layers  of  coarse  conglomerate,  com- 
posed of  rounded  and  subangular  fragments  of  trachyte 
and  basalt. 

Brown,  red,  and  yellowish  laminated  marl,  mud- 
stones,  and  bole,  with  occasional  layers  of  fine  con- 
glomerate (trachytie  and  basaltic),  pisolitic  iron-ore 
band,  and  plant  beds. 
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Lower  Basalt  (amygdaloidal). 


The  trachyte-pebbles  and  fragments  in  this  place  (Libbert)  are  of 
the  type  of  rock  that  occurs  in  the  great  mass  at  Tardree  Mountains, 
to  the  south-west.     I  have  observed  this  trachyte  gravel  in  two  or 

Fig.  4.' 
Libbert  Mine  section,  Glenarm. 


Upper  Basalt  (compact  black). 

Lignite. 

Bauxite. 

Whitish,  grey,  and  variegated  laminated  trachytie 
clay,  marl,  sand  beds,  and  pebbly  trachytie  con- 
glomerate. 

Whitish  and  grey  fine-grained  laminated  trach}'tic 
beds,  with  plant  remains. 

Lower  Basalt  (amygdaloidal). 


three  other  places  between  Glenarm  and  Tardree,  and  I  have  no 
doubt  that  it  also  exists  in  many  other  localities  in  county  Antrim. 
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Figs.  6  and  6  are  ideal  wctioni,  showing  tbe  probable  oondiUona 
before  and  after  tbe  Upper  fiaoaltio  period. 

Fig.  S. 


.  Tnchjte 

SabBeqneat  to  my  diacoveriee  in  ooanly  Antrim  and,  in  the  eame 
year,  when  engaged  in  some  worlc  in  the  Moume  Mountain  diatriot, 
count;  Down,  1  wa«  struck  with  oerlain  eimilaritieB  between  tbe 
grauite  of  this  area  and  the  acid  rocka  of  county  Antrim ;   namely. 

Fig.  8. 


Ideal  sectjon  showioit  probahla  position  of  the  (rocks)  pisolitic  itoo-oro,  t<**jt« 
gravel,  und  Upper  Basalt,  over  tbe  trachvte  and  Lower  Basalt. 
1.  Chalk.  2.  Gravel  bed.  3.  Lnwer  Bnsalt.  «.  Trachyte.  5.  Huriion  of 
denudation,  alonif  which  were  ciPT)(»il*ii  the  pinolilic  iron-ore  bed,  trafhjte 
conslonierele  and  sand,  basiiltic  and  femii^nnUN  con<rlumerate«,  marls,  and  bole, 
containing  plant  and  other  remains.     6.   Upper  Bnaalt. 

thnt   the    Mourne    grnnite    id    often    very   traohytlc    in    appcaraooe, 
frequently  resenihlinn;  some  of  the  varietieB  of  the  Turdree  n 


hich  ( 


0  cuts  off  baaaJt  dykes.  \ 
Bfwaltio  series,  and  is  itself, 
lip  by  later  basalts.     Beside 
link  between  the  rocks  of  the  t' 
trachyte  porphyry  niaaa  that 
Hillsborough,  oounty  Do' 


there  i 


It  i 


ib"  Mnonie  granite  la  of  Tertiary  age. 


most  probably  of  the  Lower 
H  these  dykes,  invaded  ami  cat 
a  strong  and  most  suKgeetive 
iosi  (Antrim  and  Down)  in  the 
half-way  between  them,  neer 
therefore  highly  probable  that 
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VIII. — On    a    Beoektlt    Discovered    Eeupeb    Outlieb    neab 

ElDDKRMIMSTBB.^ 

By  T.  Crosbbi  Cantrill,  B.Sc.  liOnd. 

ABOUT  two  and  a  half  miles  east  of  Kidder  minster,  in  North 
Worcestershire,  is  a  wooded  hill,  marked  and  named  Bissell 
Gorse  on  the  original  ene-iuch  Ordnance  Map  [1831],  Sheet 
54:,  N.W.  It  is  now  on  the  six-inch  Map  [1882],  Sheets  Woroester- 
Bhire  VIII,  S.E.  and  IX,  S.W.,  named  BiBsell  Wood.  The  hill  lies 
just  half-way  between  the  villages  of  Stone  and  Churchill. 

When  examining  the  main  Eeuper-on-Bnnter  boundary,,  several 
years  ago,  in  company  with  Mr.  Walcot  Gibson,  now  of  H.M. 
Geological  Survey,  we  were  struck  with  the  appearance  of  the  hill 
as  viewed  from  the  main  escarpment,  and  the  idea  occurred  to  us 
that  possibly  it  would  be  found  to  be  an  outlier  of  Eeuper,  although 
mapped  by  the  Survey  as  Bunter.  Some  time  later  I  made  a 
preliminary  examination  of  the  hill,  and  have  more  carefully  examined 
and  mapped  it  since. 

The  hill  proves  to  be  an  outlier  of  Eeuper  Sandstone  [f  5],  resting 
on  and  surrounded  on  all  sides  by  Upper  Bunter  Sandstone  [f  3], 
the  Eeuper  having  been  thrown  down  by  a  fault  which  nins  along 
its  south-east  side,  parallel  with  the  main  escarpment,  half  a  mile 
to  the  south-east. 

The  relation  of  the  outlier  to  the  main  mass  of  the  Eeuper  is 
well  seen  from  the  one-inch  Geological  Map,  Sheets  54  N.W.  and 
55  N.E.,  and  from  the  accompanying  Sketch  Map  and  Section. 

The  lower  boundary  of  the  Keuper  Sandstone  arises  on  the  eastern 
flanks  of  the  Abberle}^  Hills,  where  the  Eeuper  rests  directly  ou 
Silurian  rocks.  It  then  passes  between  Hartlebury  and  Stourport, 
having  the  Upper  Bunter  below,  on  the  west,  and  Eeuper  on  the 
east.  The  line  then  passes  through  the  village  of  Stone,  south-east 
of  Eidderminster,  then  by  the  farm  named  Middle  Dunclent,  to 
Mount  Segg — here  running  south-west  and  north-east — thence  on 
to  Broom,  and  so  towards  Stourbridge. 

This  boundary  is  marked  by  an  almost  constant  escarpment,  due 
to  the  greater  weather- resisting  properties  of  the  Eeuper  beds  and 
the  extreme  softness  of  the  underlying  Bunter,  and  this  escarpment 
is  specially  bold  on  either  side  of  Stone.  Between  Middle  Dunclent 
Farm  and  Mount  Segg,  at  about  the  position  of  the  dip-arrow  on  the 
inch  Map,  the  vertical  distance  between  the  edge  of  the  scarp  and 
tlie  stream  at  its  foot  is  about  130  ft. ;  and  the  sc^irp  slope  makes  an 
an^le  of  20°  with  the  horizontal,  exceeding  this  towards  the  top. 

The  shortest  distance,  measured  at  right  angles  to  the  strike, 
between  the  boundary  line  in  the  outlier  scarp  and  that  in  the  main 
scarp,  is  a  little  under  half  a  mile. 

The  bottom  of  the  broad  valley  excavated  in  the  soft  Upper 
Bunter  between  the  outlier  and  the  main  escarpment  is  chiefly 
occupied    by  alluvial   matter.      Several  streams   flow   through    the 

*  Read  before  the  Birminj2:ham  Natural  Historv  and  Philosophical  Society, 
Qeolo^cal  Section,  Tuetxlay,  26th  February,  1895.' 
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valley:  that  at  the  foot  of  the  so&rp  is  the  nataral  oontse;  the 
otli«rB  are  for  irrigation  purposes. 
Viewed  in  plan  the  oulliec  presents  the  form  of  sn  i 


Mnp  of  Biwell  Hill  and  Maont  S«^g. 
Scale:    6  incliea  e^  1  mile.  A — B  — drift  depoajti. 


Seetiun  through  Biewll  UiU  and  Mount  Segg  Aong  line  A — B  on  H«p. 
ffi,  Eeaper;  f3,  Upp^r  Bunter ;   -.'  Alluvium;   p,  footpath;   ege,  Btresnu. 

Scale:   UarizoubU,  6  iachea 1 1  mile.     Vertical,  1  inch  =  100  feet. 
T.C.C.del.  i)«.  1894. 

^peSi  the  major  axis  of  which  runs  uoKh-east  and  sonth-weet. 
■b  pumllel  to  the  maio  scarp.    The  greatest  length  is  about  oOO 
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yardRy  and  width  230  yards.  It  is  marked  along  the  north-west  side 
by  a  steep  wooded  escarpment,  formed  by  the  ordinary  weathering 
of  the  more  durable  Reuper  basement  beds  overlying  the  soft  Upper 
Bunter  Sandstone.  The  boundary  between  the  two  formations  runs 
along  the  scarp  some  yards  below  the  summit,  and  sweeps  round  the 
north-east  and  south-west  ends  of  the  hill  and  runs  into  the  fault 
which  forms  the  south-east  boundary  along  the  whole  length. 

Viewed  from  the  north-east  or  south-west  the  outlier  is  seen 
standing  as  a  bold  eminence  in  advanoe  of  the  main  escarpment 
llie  general  contour  of  the  hill  is  represented  with  sufficient  accuracy 
in  the  Section  given  above.  The  highest  point  is  about  360  feet 
above  ordnance  datum.  This  is  4A  feet  higher  than  the  crest  of  the 
main  escarpment 

The  main  escarpment,  at  various  points  of  its  course,  o£fer8 
abundant  rock-exposures.  The  Bunter,  being  usually  too  soft  for 
building-stone,  and  too  hard  for  sand,  has  seldom  been  worked. 
But  the  thin  shelf  of  Eeuper  along  the  top  of  the  scarp  has  been 
largely  drawn  upon  for  the  foundations  and  lower  courses  of 
neighbouring  farm  buildings,  and  such-like  purposes,  and  these  old 
quarries,  with  their  steep  pick-scarred  faces,  offer  excellent  sections, 
especially  as  they  have  not  been  worked  for  many  years.  Several 
Small  openings  occur  on  Mount  Segg,  but  there  is  a  much  finer 
series  along  the  scarp  of  the  outlier  itself,  all  long  since  disused. 
The  principal  of  these  are  ronglily  indicated  on  the  Sketch  Map. 

The  basement  beds  of  the  Keuper  [f  5]  in  the  district  consist  of 
a  sandstone,  coarse,  usually  tbick-bedded,  hard,  but  incoherent,  and 
of  a  dull  reddish- brown  colour.  There  are  in  some  beds  small 
pebbles  interspersed  throughout  the  mass,  usually  of  yellow  and 
white  vein  quartz ;  but  many  consist  of  rolled  fragments  of  a 
very  fine  dark- red  clay  or  marl.  In  some  sections,  coarse,  highly 
calcareous,  hard  bands — cornstones,  locally  known  as  catbrain — 
occur,  consisting  of  a  mass  of  small  rolled  fragments  of  red  marl, 
and  occasionally  of  quartz,  embedded  in  sand,  and  the  whole 
cemented  together  by  an  excess  of  calcium  carbonate.  One  such 
band  occurs  at  about  30  or  40  feet  above  the  base,  though  apparently 
consisting  not  so  much  of  a  regular  bed  as  of  disconnected  lenticular 
masses  at  about  the  same  horizon.  Some  of  the  beds  are  fissile  and 
highly  micaceous,  and  occasionally  marl  bands  occur. 

The  whole  mass  is  exceedingly  variable;  it  is  practically  im- 
possible to  fix  any  definite  horizons,  save,  perhaps,  that  of  the 
cornstones,  and  generally  no  two  sections  are  exactly  comparable — 
beds  thinning  out  or  entirely  changing  in  lithological  character  in 
a  distance  of  two  or  three  yards.^  Such  is  the  general  character  of 
the  basement  beds  of  the  Eeuper  [f  5]  in  the  district 

These  beds  in  some  sections  rest  on  an  apparently  uneven  surface 
of  the  Upper  Bunter  Sandstone,  occasionally  with  a  layer  of  rolled 
red  marl  fragments  intervening.  In  other  places  the  beds  seem 
to  pass  into  the  underlying  Bunter  without  any  distinct  plane  of 

^  Consult  Hull,  <*  Permian  and  Trias  Rocks  of  Midlands.**  1869.  Memoir  of 
Geol.  Surrey. 
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separation,  the  change  being  signalized  by  a  finer  teztara,  softer 
nature,  and  brighter  colour. 

The  Upper  Bunter  Sandstone  [f  3]  is  a  bright  brick-red  coloured 
sandstone,  very  fine-grained,  soft,  and  altogether  devoid  of  pebbles 
or  fragments  larger  than  the  rest  of  the  grains.  It  is  normally 
thin-bedded,  and  fissile.  If  mica  fiakes  occur,  they  are  so  small  as 
to  be  almost  invisible  to  the  naked  eye.  The  whole  mass  is 
practically  homogeneous  from  top  to  bottom. 

It  should  perhaps  be  stated  that  no  fossils  occur  in  any  of  these 
beds,  whether  Ketiper  or  Bunter,  in  the  district  under  consideration. 
Having  given  some  account  of  the  Eeuper  and  Bunter  beds  of  the 
main  escarpment,  we  will  now  compare  them  with  the  rooks  of 
Bissell  Hill,  taking  the  chief  exposures  in  order,  beginning  at  the 
north-east  end  of  the  outlier  scarp. 

1.  Just  outside  the  wood,  on  a  rough,  uncultivated  patch  of  ground, 
at  the  bottom  is  seen  typical  Bunter  tn  iittt^  and  two  feet  higher 
coarse  dull-red  Keuper  Sandstone,  also  tn  situ.  By  removing  the 
turf  in  between,  the  Keuper  is  seen  to  grow  finer,  and  then  to 
abruptly  pass  into  Bunter  without  any  other  change  than  that  of 
colour.  About  three  yards  to  the  right,  by  digging,  a  few  rolled 
fragments  of  red  marl  are  found  to  occur  at  the  junction. 

2.  Entering  the  wood,  just  in  the  angle,  we  find  similar  Eeuper 
beds  about  18  feet  above  the  junction  just  described. 

3.  A  few  yards  farther  on,  and  close  up  to  the  hedge,  is  a  con- 
spicuous rock-face,  and  old  debris  cones,  overgrown  with  herbage 
and  sturdy  trees,  lie  in  front. 

The  section  here  is  as  follows,  in  descending  order : — 

Sbction  at  the  East  Qua&rt.  H.  in. 

1.  Conwtone 10 

2.  SjinA«»tone,  hard,  calcareous,  gnreyish-red 0    6 

3.  Marl,  friable,  chocolate-coloured 30 

4.  Sandstone,  thick -IxKided,  soft,  coarse,  and  red,  passing  into  5  ....  10  0 
6.  Sandstone,  hard,  hijirhly  calcareous 0    3 

6.  Shale,  thinly  luminated,  soft,  micaceous,  and  sandy,  red-coloured       .     .  10 

7.  Grit,  calcareous 10 

16    9 
Notes  on  the  above  Section. 

The  beds  4  and  7  contain,  irregularly  distributed  throughout  the 
mass,  small  dark-coloured  hard  spheroids,  about  half  an  inch  in 
diameter,  and  some  smaller,  formed  by  the  grains  of  sand  being 
cemented  together  by  calcium  carbonate  and  a  manganese  compound, 
probably  the  black  oxide,  MnO,.  These  nodules  being  harder, 
stand  out  on  the  face  of  the  rock,  and  are  conspicuous  by  their 
darker  hue.  They  eflfervesce  with  dilute  HCl,  and  are  highly 
charged  with  manganese;  a  fragment  treated  by  Hoppe-Seyler's 
test,*  giving  a  bright  pink  colour  due  to  permanganic  acid.  An 
apparently  similar  phenomenon  was  described  by  A.  Norman  Tate, 
F.C.S.,  to  the  Liverpool  Geological  Society  in  1863,  as  occurring  in 

^  See  Frcsenius,  Qual.  Chem.  Analysis,  edited  by  Groves,  tenth  edition,  p.  122. 
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Trias  Sandstone  in  that  distriot  In  several  places  the  black  sandstone 
was  distributed  much  in  the  same  manner  as  currants  in  an  ordinary 
cake ;  a  metaphor  exactly  descriptive  of  the  case  at  Bissell  Hill.^ 

4  A  few  yards  farther  on,  and  at  a  lower  level,  beyond  an  over- 
grown debris  mound,  is  a  small  pit  in  front  of  a  high  face  of  rock, 
with  abundant  pick  marks.     The  following  section  is  afforded : — 

Sbctxon  at  thb  Pit  QuAKaT.  ft.  in. 

1.  Marl,  friable,  chocolate-coloured 1  0 

2.  Sandstone,  soft,  yellowish-red,  with  marly  patches 1  0 

3.  Sandstone,  fissile,  micaceous,  passing  into  4 2  0 

4.  Sandstone,  soft,  dark,  fine-grained 2  0 

6.  Marl  parting^ 0  1 

6.  Sandstone,  similar  to  4 0  11 

7.  Marl,  soft,  micaceous,  sandy,  laminated,  and  fisale 0  4 

8.  Sandstone,  soft,  dull  red,  passing  int^  9 4  0 

9.  Sandstone,  coarse,  yellowish-red,  with  large  quartz  grains  and  a  few 

large  rolled  marl  fragments 1  0 

10.  Marl,  friable,  chocolate-coloured 0  8 

11.  Sandstone,  dull  red        0  ID 

12.  Marl  parting 0  1 

13.  Sandstone,  similar  to  11 1  1 

14      7 

Probably  the  top  beds  in  the  Pit  Quarry  underlie  the  bottom  beds 
in  the  East  Quarry,  with  some  few  feet  of  intervening  beds  not 
exposed. 

5.  Beyond  a  debris  mound,  and  at  about  the  same  level  as  the 
middle  beds  of  the  Pit  Quarry,  is  a  small  crag  of  rock  showing  the 
following  beds : — 

ft.  in. 

1.  Mnrl 0  6 

2.  Sandstone,  fine,  micaceous 1  0 

3.  Sandstone,  soft,  dull  red 4  0 

4.  Sandstone,  coarse,  calcareous,  with  small  marl  pebbles 0  6 

6      0 

These  are  probably  beds  7,  8,  and  9  of  the  Pit  Quarry,  though 
modified  even  in  the  short  distance  of  about  three  yards. 

6.  Immediately  below  exposure  6  is  the  Bunter  Quarry,  the  only 
one  on  the  whole  soarp.  It  shows  nothing  but  the  typical  Buntor 
Sandstone,  bright  red,  fine-grained,  without  mica  or  pebbles.  It 
is  thin-bedded,  and  dips  into  the  hill  at  about  13°.  The  topmost 
beds  in  this  quarry  are  six  feet  vertically  below  the  lowest  visible 
Keuper  beds  in  the  overlying  exposure,  so  that  the  position  of  the 
boundary  is  here  fixed  to  within  about  eight  feet. 

7.  About  the  same  level  as  the  top  of  the  Bunter  Quarry,  and 
some  30  yards  farther  on,  is  a  small  projecting  crag  of  Bunter. 

8.  Higher  up,  and  about  30  yards  still  further  on,  is  a  small  crag 
of  Keuper,  probably  concealed  by  vegetation  during  the  summer. 

9.  About  ten  yards  farther  on,  and  close  up  to  the  hedge,  is 
a  small  working  in  the  Keuper,  showing  the  following  section  : — 

^  See  also  Froc.  Birm.  Kat.  Hist,  and  Mic.  Soc.  1870,  p.  55. 
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ft.  in. 

1.  Sandstone,  soft,  fine-grained,  micaceous,  red,  with  greenish-grey  spots    .  I    0 

2.  Sandstone,  soft,  coarse,  very  incoherent,  dull  red,  passing  down  into  3     .  2    0 

3.  Sand<$tonc,  fine,  dull  red 12    0 

4.  Sandstone,  calcareous,  with  large  flakes  of  white  mica 10 

5.  Sandstone,  soft,  fine-grained,  dull  red,  passing  down  into   6     .     .     .     .  4    6 

6.  Sandstone,  coarse,  hard,  calcareous,  dull  reddish-grey,  with  marl  pebbles  0    6 

[Below  this  the  beds  become  very  irregular  by  curved  bedding.] 

7.  Sandstone,  coarse,  soft,  red,  with  marl  pebbles 5    0 

26    0 

These  beds  are  probably  of  about  the  same  horizon  as  those  at  the 
East  Quarry. 

10.  Half  a  dozen  yards  further  on  is  the  West  Quarry,  the  largest 
and  last  on  the  scarp,  llie  bedding  is  very  irregular,  and  the 
section  is  probably  as  follows  : — 

Section  at  the  "West  Quarry.  ft.  in. 

1.  Sandstone,  soft,  red at  least  6  0 

2.  Marl  band,  irregular 0  2 

3.  Sandstone,  laminated,  fissile,  micaceous 2  6 

4.  Sandstone,  hard,  coarse,  dull  red •    .     .     .     .  4  0 

5.  Sandstone,  hard,  calcareous,  dull  reddish-grey  • 0  6 

6.  Marl  band ' 0  2 

7.  Sandstone,  like  4 30 

16    4 

There  is  some  faint  resemblance  here  to  the  beds  exposed  in  the 
quarry  last  described,  half  a  dozen  yards  awHy. 

11.  Some  considerable  distance  on,  at  about  ten  yards  down  the 
slope,  are  some  shallow  trenches  in  coarse  dull-red  sandstone,  of  the 
Keuper. 

Tlie  abovo  are.  the  main  exposures  on  the  scarp  slope.  As  the 
general  dip  seems  to  be  about  E.S  E.,  probably  the  beds  at  the  top 
of  the  East  Quarry  are  the  highest  exposed  along  the  scarp,  and  are 
about  35  ft.  above  the  base :  reckoning  the  lowest  beds  in  the  East 
Quarry  to  overlie  the  highest  in  the  Pit  Quarry,  and  the  bottom  beds 
in  the  latter  to  be  about  four  feet  above  the  Bunter. 

A  cornstone  band  crops  out  nearly  at  the  top  of  the  hill,  and  the 
summit,  of  dull-red  sandstone,  is  about  60  ft.  above  the  top  of  the 
Bunter :  so  that  we  have  in  the  outlier  a  thickness  of  at  least  60  ft. 
of  Keuper  beds. 

At  the  south  end  of  the  hill,  overlooking  the  valley,  is  a  grassy 
bank,  too  steep  for  cultivation,  along  the  bottom  of  which  for  some 
yards  the  fault  rock  projects  in  thick  masses.  Immediately  below 
the  fault  rock  the  Bunter  appears.  The  fault  rock  itself  consists 
chiefly  of  slabs  of  very  hard  sandy  rock,  ringing  under  the  blows  of 
the  hammer,  highly  calcareous,  and  dark.coloured  with  manganese 
oxide.  It  frequently  contains  small  cavities.  At  certain  points 
broken  and  slickensided  fragments  of  Bunter  occur.  The  slabs  dip 
into  the  hill  at  an  angle  of  60° ;  the  hade  of  the  fault  is  therefore 
30°  and  its  direction  is  north-east  and  south-west,  with  the  down- 
throw to  the  north-west. 

A  few  feet  higher  up  and  at  the  south-west  end  of  the  bank,  on 
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the  downthrow  side  of  the  fault,  a  fine-grained  sandstone  occurs, 
only  distinguished  from  typical  Bunter  by  being  somewhat  paler. 
Probably  this  is,  however,  a  fine-grained  Eeuper,  as  at  the  north- 
east end  of  the  bank,  a  few  yards  away,  and  about  a  dozen  feet 
higher  up  than  the  fault  line,  is  a  mass,  tn  aitu,  of  sandstone,  coarse, 
soft,  dull  reddish-brown,  micaceous,  and  containing  rolled  marl 
fragments  —  undoubted  Reuper  —  so  that  the  Eeuper  comes  right 
down  to  the  fault  plane,  or  to  within  five  or  six  feet  of  it. 

We  can  roughly  calculate  the  throw  of  the  fault  thus :  At  the 
cave  in  Mount  Segg  [see  Sketch  Map]  the  dip  is  9^  at  right  angles 
to  the  scarp.  At  the  Bunter  Quarry,  on  the  Bissell  Hill  scarp,  the 
dip  is  about  13^  at  right  angles  to  the  scarp.  We  may  assume  the 
dip  to  remain  fairly  constant  for  the  distance  between  the  two  scarps. 
Taking  its  average  value  as  IP,  which  is  equivalent  to  a  rise  of 
1  in  0,  and  the  rectangular  distance  between  the  respective  boundary 
lines  as  2200  feet,  we  have  in  2200  feet  a  rise  of  440  feet,  i.e.  the 
base  of  the  Eeuper  at  Bissell  Hill,  had  there  been  no  fault,  would 
have  been  440  feet  higher  than  at  Mount  Segg.  But  we  find  that  it 
is  actually  at  about  the  same  altitude,  viz.  800  feet  above  sea-level. 
Hiere  must,  therefore,  have  been  a  downthrow  to  the  north-west  of 
about  440  feet,  and  without  this  the  Keuper  would  have  been  long 
since  removed. 

The  fault  is  represented  in  the  Sketch  Map  as  a  single  line  of 
fracture  dying  out  in  each  direction.  Whether  this  is  really  the 
case  is  open  to  question,  as  there  is  no  evidence  to  be  obtained.  It 
may  continue,  perhaps,  in  a  south-westerly  direction  to  merge  into 
a  fault  which  passes  near  the  village  of  Churchill,*  each  having 
a  downthrow  to  the  west. 

Conduaion. — We  have  seen  that  the  top  beds  of  Bissell  Hill  agree 
perfectly  with  the  Eeuper  Beds  [f  6]  of  the  main  escarpment,  and 
that  the  lower  beds  of  each  agree  in  being  undoubted  Upper 
Bunter  [f  3].  The  Eeuper  capping  is  isolated  from  the  main  mass 
and  is  therefore  an  outlier,  and  has  been  produced  by  the  downthrow 
of  a  strike  fault  parallel  to  the  two  escarpments. 

At  A  and  B  [on  the  Sketch  Map]  are  scattered  numerous  rock 
fragments,  chiefly  derived  from  the  Clent  district  to  the  north-east. 


KoTE   ON  A  Paper  on   "Eozoonal  Stritcture  of  the  Ejected 

Blocks  op  Monte  Somma." 

IN  a  letter  to  the  Editor,  Sir  W.  Dawson,  of  Montreal,  has  com- 
municated his  reasons  for  the  belief  that  the  appearances 
described  lately  by  Dr.  Johnston-Lavis  and  Dr.  J.  W.  Gregory,  in 
their  paper  on  "  Eozodnal  Structure  of  the  Ejected  Blocks  of  Monte 
Somma," '  have  no  relation  to  EozoOn  Canadense,  either  in  mode  of 
occurrence  and  mineral  character  or  in  microscopic  structure.     Ho 

1  See  Geol.  Survey  Map,  Sheet  54  X.W. 

'  Siuentif.  Trans.  Roy.  Dublin  Society,  series  ii,  vol.  v,  part  vii,  pp.  259-277, 
five  plates  ;  October,  1894. 
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Figs.  6  and  6  are  ideal  Beotions,  showing  tlie  probable  conditioi 
before  and  after  the  U[iper  Basaltio  period. 
Fig.  6. 


I.  Cbslk  with  eroded  surface.  2.  Flint-gravel  bed,  cimipaud  of  bnmt  chalk 
flints,   cbalk   fragments,   and  red   marly   clay.      3.  Lower  Basalt.      4.  Tracbyts 

(laccolite). 

Subsequent  to  my  disooveries  in  county  Antrim  and,  in  the  same 
year,  when  engaged  in  eome  work  in  the  Hourne  Mountain  district, 
county  Down,  I  was  struck  with  oertain  similarities  between  the 
granite  of  this  area  and  the  acid  rocks  of  oounty  Antrim ;    namely. 

Fig.  6. 
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Idea!  section  sbowinit  probable  pooition  of  the  (rocks)  pisolitje  iroo-ore,  trachjle 
grarel,  and  Upper  Basalt,  aier  tbe  trachrte  and  Iri>wer  Basalt. 
1.  Chalk.  2.  Gravel  bed.  3.  Lower  Basalt.  +.  Trachyte.  5.  Horiion  of 
denudation,  along  which  were  derHniiletl  the  pisolitic  iron -ore  bed,  tracbvte 
coDi;li>incrate  and  sand,  basaltic  and  fermi^naiia  coniflomerates,  marls,  and  bole, 
containing  plant  and  other  remains,     6.  Cpper  Basalt. 

that  the  Mourne  granite  is  often  very  trnohytio  in  appearance, 
frequently  resembling  some  of  the  varieties  of  the  Tardree  rook.  It 
also  cute  off  basalt  dykes,  whicli  are  njost  probably  of  the  Lower 
Basaltic  series,  and  ia  itself,  as  well  an  these  dykes,  invaded  and  oat 
up  by  later  basalts.  Besidex,  there  is  a  strong  and  most  suggestive 
link  between  the  rocks  of  the  two  areas  (Antrim  and  Down)  in  the 
trachyte  porphyry  mass  that  occurs  half-way  between  them,  near 
Hillsborough,  county  Down.  It  is  therefore  highly  probable  that 
the  Moarae  granite  ia  of  Tertiary  age. 
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VIII. — On    a    Bboentlt    Disooyebed    Eeupeb    Outlibb    neab 

ElDDKBMIMSTEB.^ 

By  T.  Crosbbb  Gantrill,  B.Sc.  Ix)nd. 

ABOUT  two  and  a  half  miles  east  of  Kidder  mi  nster,  in  North 
Worcesterahire,  is  a  wooded  hill,  marked  and  named  Bissell 
Gone  on  the  original  ene-iuch  Ordnance  Map  [1831],  Sheet 
54,  N.W.  It  is  now  on  the  six-iuoh  Map  [1882],  Sheets  Woroester- 
8hire  YIII,  S.E.  and  IX,  S.W.,  named  Bissell  Wood.  The  hill  lies 
jast  half-way  between  the  villa^s  of  Stone  and  Churchill. 

When  examining  the  main  Eeuper-on-Bnnter  boundary,  several 
years  ago,  in  company  with  Mr.  Walcot  Gibson,  now  of  H.M. 
Geological  Survey,  we  were  struck  with  the  appearance  of  the  hill 
as  viewed  from  the  main  escarpment,  and  the  idea  occurred  to  us 
that  possibly  it  would  be  found  to  be  an  outlier  of  Eeuper,  although 
mapped  by  the  Survey  as  Bunter.  Some  time  later  I  made  a 
preliminary  examination  of  the  hill,  and  have  more  carefully  examined 
and  mapped  it  since. 

The  hill  proves  to  be  an  outlier  of  Eeuper  Sandstone  [f  5],  resting 
on  and  surrounded  on  all  sides  by  Upper  Bunter  Sandstone  [f  3], 
the  Eeuper  having  been  thrown  down  by  a  fault  which  runs  along 
its  south-east  side,  parallel  with  the  main  escarpment,  half  a  mile 
to  the  south-east. 

The  relation  of  the  outlier  to  the  main  mass  of  the  Eeuper  is 
well  seen  from  the  one-inch  Geological  Map,  Sheets  64  N.W.  and 
5o  N.E.,  and  from  the  accompanying  Sketch  Map  and  Section. 

The  lower  boundary  of  the  Eeuper  Sandstone  arises  on  the  eastern 
flanks  of  the  Abberley  Hills,  where  the  Eeuper  rests  directly  ou 
Silurian  rocks.  It  then  passes  between  Hartlebury  and  Stourport, 
having  the  Upper  Bunter  below,  on  the  west,  and  Eeuper  on  the 
easL  The  line  then  passes  through  the  village  of  Stone,  south-east 
of  Eidderminster,  then  by  the  farm  named  Middle  Dunclent,  to 
Mount  Segg — here  running  south-west  and  north-east — thence  on 
to  Broom,  and  so  towards  Stourbridge. 

This  boundary  is  marked  by  an  almost  constant  escarpment,  due 
to  the  greater  weather- resisting  properties  of  the  Eeuper  beds  and 
the  extreme  softness  of  the  underlying  Bunter,  and  this  escarpment 
is  specially  bold  on  either  side  of  Stone.  Between  Middle  Dunclent 
Farm  and  Mount  Segg,  at  about  the  position  of  the  dip-arrow  on  the 
inch  Map,  the  vertical  distance  between  the  edge  of  the  scarp  and 
the  stream  at  its  foot  is  about  130  ft. ;  and  the  scarp  slope  makes  an 
an^le  of  20°  with  the  horizontal,  exceeding  this  towards  the  top. 

The  shortest  distance,  measured  at  right  angles  to  the  strike, 
between  the  boundary  line  in  the  outlier  scarp  and  that  in  the  main 
scarp,  is  a  little  under  half  a  mile. 

The  bottom  of  the  broad  valley  excavated  in  the  soft  Upper 
Bunter  between  the  outlier  and  the  main  escarpment  is  chiefly 
occupied    by  alluvial   matter.      Several  streams   flow   through    the 

'  Read  before  the  Birmingham  Natural  History  and  Philosophical  Society » 
Geolof^cal  Section,  Tuesday,  26th  Fehniary,  1895.' 
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valley:  that  at  the  foot  of  tbe  Boarp  is  the  nataral  ooorso;  the 
others  are  for  irrigation  purposes. 

Viewed  in  plaa  the  outlier  presents  the  form  of  an   irregular 


■  ll--lir. 


Map  of  Bimetl  Hill  and  Hoiint  S 
Scale:   6  iuchea  =^  1  mile.  A — B=drift  depflsiU. 


Section  througli  Biwell  Hill  and  UouDt  Segg  along  line  A— B  on  Hap. 
iS,  Eeuper;  f  3,  Upper  Bunt«T;   ~r-  AlluTium  ;   p.  footpath  :   a  g  a,  streams. 

Scale:   Horizontal,  6  inches  =  1  mile.    Vertical,  1  inch  ^^400  feet. 
T.C.C.dtl.  i)«.  1894. 

ellipse,  the  major  axis  of  which  runs  north-east  and  aoiilh-weiit, 
!.«.  parallel  to  the  main  scarp.    The  greatest  length  is  about  500 
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yardRy  and  width  230  yards.  It  is  marked  along  the  north-west  side 
by  a  steep  wooded  escarpment,  formed  by  the  ordinary  weathering 
of  the  more  durable  Reuper  basement  beds  overlying  the  soft  Upper 
Banter  Sandstone.  The  boundary  between  the  two  formations  runs 
along  the  soarp  some  yards  below  the  summit,  and  sweeps  round  the 
north-east  and  south-west  ends  of  the  hill  and  runs  into  the  fault 
which  forms  the  south-east  boundary  along  the  whole  length. 

Viewed  from  the  north-east  or  south-west  the  outlier  is  seen 
standing  as  a  bold  eminence  in  advanoe  of  the  main  escarpment, 
'llie  general  contour  of  the  hill  is  represented  with  sufficient  accuracy 
in  the  Section  given  above.  Tlie  highest  point  is  about  360  feet 
above  ordnance  datum.  This  is  4A  feet  higher  than  the  crest  of  the 
main  escarpment. 

The  main  escarpment,  at  various  points  of  its  course,  o£fer8 
abundant  rock-exposures.  The  Bunter,  being  usually  too  soft  for 
building-stone,  and  too  hard  for  sand,  has  seldom  been  worked* 
But  the  thin  shelf  of  Eeuper  along  the  top  of  the  scarp  has  been 
largely  drawn  upon  for  the  foundations  and  lower  courses  of 
neighbouring  farm  buildings,  and  such-like  purposes,  and  these  old 
quarries,  with  their  steep  pick-scarred  faces,  offer  excellent  sections, 
especially  as  they  have  not  been  worked  for  many  years.  Several 
Small  openings  occur  on  Mount  Segg,  but  there  is  a  much  finer 
series  along  the  scarp  of  the  outlier  itself,  all  long  since  disused. 
The  principal  of  these  are  roughly  indicated  on  the  Sketch  Map. 

The  basement  beds  of  the  Eeuper  [f  5]  in  the  district  consist  of 
a  sandstone,  coarse,  usually  thick-bedded,  hard,  but  incoherent,  and 
of  a  dull  reddish-brown  colour.  There  are  in  some  beds  small 
pebbles  interspersed  throughout  the  mass,  usually  of  yellow  and 
white  vein  quartz ;  but  many  consist  of  rolled  fragments  of  a 
very  fine  dark- red  clay  or  marl.  In  some  sections,  coarse,  highly 
calcareous,  hard  bands — cornstones,  locally  known  as  catbrain — 
occur,  consisting  of  a  mass  of  small  rolled  fragments  of  red  marl, 
and  occasionally  of  quartz,  embedded  in  sand,  and  the  whole 
cemented  together  by  an  excess  of  calcium  carbonate.  One  such 
band  occurs  at  about  30  or  40  feet  above  the  base,  though  apparently 
consisting  not  so  much  of  a  regular  bed  as  of  disconnected  lenticular 
masses  at  about  the  same  horizon.  Some  of  the  beds  are  fissile  and 
highly  micaceous,  and  occasionally  marl  bands  occur. 

The  whole  mass  is  exceedingly  variable;  it  is  practically  im- 
possible to  fix  any  definite  horizons,  save,  perhaps,  that  of  the 
cornstones,  and  generally  no  two  sections  are  exactly  comparable — 
beds  thinning  out  or  entirely  changing  in  lithological  character  in 
a  distance  of  two  or  three  yards.*  Such  is  the  general  character  of 
the  basement  beds  of  the  Eeuper  [f  5]  in  the  districts 

These  beds  in  some  sections  rest  on  an  apparently  uneven  surface 
of  the  Upper  Hunter  Sandstone,  occasionally  with  a  layer  of  rolled 
red  marl  fragments  intervening.  In  other  places  the  beds  seem 
to  pass  into  the  underlying  Bunter  without  any  distinct  plane  of 

>  Consult  Hull,  "Permian  and  Trias  Rocks  of  Midlands.*'  1869.  Memoir  of 
Geol.  Surrey. 
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separation,  the  change  being  signalized  by  a  finer  texture,  softer 
nature,  and  brighter  colour. 

The  Upper  Bunter  Sandstone  [f  3]  is  a  bright  brick-red  coloured 
sandstone,  very  fine-grained,  soft,  and  altogether  devoid  of  pebbles 
or  fragments  larger  than  the  rest  of  the  grains.  It  is  normally 
thin-bedded,  and  fissile.  If  mica  flakes  occur,  they  are  so  small  as 
to  be  almost  invisible  to  the  naked  eye.  The  whole  mass  is 
practically  homogeneous  from  top  to  bottom. 

It  should  perhaps  be  stated  that  no  fossils  occur  in  any  of  these 
beds,  whether  Keitper  or  Bunter,  in  the  district  under  consideration. 
Having  given  some  accouut  of  the  Eenper  and  Bunter  beds  of  the 
maiu  escarpment,  we  will  now  compare  them  with  the  rocks  of 
Bissell  Hill,  taking  the  chief  exposures  in  order,  beginning  at  the 
north-east  end  of  the  outlier  scarp. 

1.  Just  outside  the  wood,  on  a  rough,  uncultivated  patch  of  ground, 
at  the  bottom  is  seen  typical  Bunter  in  situ,  and  two  feet  higher 
coarse  dull-red  Keuper  Sandstone,  also  in  situ.  By  removing  the 
turf  in  between,  the  Keuper  is  seen  to  grow  finer,  and  then  to 
abruptly  pass  into  Bunter  without  any  other  change  than  that  of 
colour.  About  three  yards  to  tlie  right,  by  digging,  a  few  rolled 
fragments  of  red  marl  are  found  to  occur  at  the  junction. 

2.  Entering  the  wood,  just  in  the  angle,  we  find  similar  Keuper 
beds  about  18  feet  above  the  junction  just  described. 

3.  A  few  yards  farther  on,  and  close  up  to  the  hedge,  is  a  con- 
spicuous rock-face,  and  old  debris  coues,  overgrown  with  herbage 
and  sturdy  trees,  lie  in  front. 

The  section  here  is  as  follows,  in  descending  order : — 

Section  at  thb  East  Qua&ry.  ft.  in. 

1.  Oomstone 10 

2.  Sandstone,  hard,  calcareous,  greyish -red 0    6 

3.  Marl,  friable,  chocolatij-coloured 3    0 

4.  Sandstone,  thick-bodded,  soft,  coarse,  and  red,  passing  into  5  ....  10  0 
6.  Sandstone,  hard,  highly  calcareous 0    3 

6.  Shale,  thinly  laminated,  soft,  micaceous,  and  sandy,  red-coloured       .     .  10 

7.  Grit,  calcareous 10 

16    9 
Notes  on  the  above  Section. 

The  beds  4  and  7  contain,  irregularly  distributed  throughout  the 
mass,  small  dark-coloured  hard  spheroids,  about  half  an  inch  in 
diameter,  and  some  smaller,  formed  by  the  grains  of  sand  being 
cemented  together  by  calcium  carbonate  and  a  manganese  compound, 
probably  the  black  oxide,  MnO,.  These  nodules  being  harder, 
stAnd  out  on  the  face  of  the  rock,  and  are  conspicuous  by  their 
darker  hue.  They  eflfervesce  with  dilute  HCl,  and  are  highly 
charged  with  manganese ;  a  fragment  treated  by  Hoppe-Seyler's 
test,*  giving  a  bright  pink  colour  due  to  permanganic  acid.  An 
apparently  similar  phenomenon  was  described  by  A.  Norman  Tate, 
F.C.S.,  to  the  Liverpool  Geological  Society  in  1863,  as  occurring  in 

*  See  Fresenius,  Qual.  Chem.  Analysis,  edited  by  Groves,  tenth  edition,  p.  122. 
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Trias  Sandstone  in  that  diatriot  In  several  places  the  black  sandstone 
WAS  distributed  much  in  the  same  manner  as  currants  in  an  ordinary 
oake ;  a  metaphor  exactly  descriptive  of  the  case  at  Bissell  Hill.^ 

4  A  few  yards  farther  on,  and  at  a  lower  level,  beyond  an  over- 
grown debris  mound,  is  a  small  pit  in  front  of  a  high  face  of  rock, 
with  abundant  pick  marks.     The  following  section  is  afforded : — 

Sbction  at  the  Pit  Quarry.  ft.  in. 

1.  Marl,  friable,  chocolate-coloured 1  0 

2.  Sandstone,  soft,  yellowish-red,  with  marly  patches 1  0 

3.  Sandstone,  fissile,  micaceous,  passing  into  4 2  0 

4.  Sandstone,  soft,  dark,  fine-grained 2  0 

6.  Marl  parting^ 0  1 

6.  Sandstone,  similar  to4 Oil 

7.  Marl,  soft,  micaceous,  sandy,  laminated,  and  fissile 0      4 

8.  Sandstone,  soft,  dull  red,  passing  into  9 4      0 

9.  Sandstone,  coarse,  yellowish-rd,  with  large  quartz  grains  and  a  few 

large  rolled  marl  fragments 1  0 

10.  Marl,  fnable,  chocolate-coloured 0  8 

11.  Sandstone,  dull  red        0  10 

12.  Marl  parting 0  1 

13.  Sandstone,  similar  to  11 1  1 

14      7 

Probably  the  top  beds  in  the  Pit  Quarry  underlie  the  bottom  beds 
in  the  East  Quarry,  with  some  few  feet  of  intervening  beds  not 
exposed. 

o.  Beyond  a  debris  mound,  and  at  about  the  same  level  as  the 
middle  beds  of  the  Pit  Quarry,  is  a  small  crag  of  rock  showing  the 
following  beds : — 

ft.  in. 

1.  Marl 0      6 

2.  Sfindstone,  fine,  micaceous 1       0 

3.  Sandstone,  soft,  dull  rod 4       0 

4.  Sandstone,  coarse,  calcareous,  with  small  marl  pebbles 0      6 

6       0 

Tliese  are  probably  beds  7,  8,  and  9  of  the  Pit  Quarry,  though 
modified  even  in  the  short  distance  of  about  three  yards. 

6.  Immediately  below  exposure  6  is  the  Bunter  Quarry,  the  only 
one  on  the  whole  scarp.  It  shows  nothing  but  the  typical  Bunter 
Sandstone,  bright  red,  fine-grained,  without  mica  or  pebbles.  It 
is  thin-bedded,  and  dips  into  the  hill  at  about  13^.  The  topmost 
beds  in  this  quarry  are  six  feet  vertically  below  the  lowest  visible 
Keuper  beds  in  the  overlying  exposure,  so  that  the  position  of  the 
boundary  is  here  fixed  to  within  about  eight  feet. 

7.  About  the  same  level  as  the  top  of  the  Bunter  Quarry,  and 
some  30  yards  farther  on,  is  a  small  projecting  crag  of  Bunter. 

8.  Higher  up,  and  about  30  yards  still  further  on,  is  a  small  crag 
of  Keuper,  probably  concealed  by  vegetation  during  the  summer. 

9.  About  ten  yards  farther  on,  and  close  up  to  the  hedge,  is 
a  small  working  in  the  Keuper,  showing  the  following  section  : — 

^  See  also  Proc.  Birm.  Kat.  Hist,  and  Mic.  Soc.  1870,  p.  65, 
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ft.  in. 

1 .  Sandstone,  soft,  fine-grained,  micaceous,  red,  with  greenish-grey  spots   .  I    0 

2.  Sandstone,  soft,  coarse,  very  incoherent,  dull  red,  passing  down  into  3     .  2    0 

3.  Sandstone,  fine,  dull  red 12    0 

4.  Sandstone,  calcareous,  with  large  flakes  of  white  mica 10 

5.  Snndstone,  soft,  fine-grained,  dull  red,  passing  down  into   6     .     .     .     .  4    6 

6.  Sandstone,  coarse,  hard,  calcareous,  dull  reddish-grey,  with  marl  pebbles  0    6 

[Below  this  the  beds  become  very  irregular  by  curved  bedding.] 

7.  Sandstone,  coarse,  soft,  red,  with  marl  pebbles 5    0 

26    0 

These  beds  are  probably  of  about  the  same  horizon  as  those  at  the 
East  Quarry. 

10.  Half  a  dozen  yards  further  on  is  the  West  Quarry,  the  largest 
and  last  on  the  scarp.  The  bedding  is  very  irregular,  and  the 
section  is  probably  as  follows  : — 

Section  at  the  West  Qua&rt.  ft.  in. 

1.  Sandstone,  soft,  red at  least  6    0 

2.  Marl  band,  irregular 0    2 

3.  Sandstone,  laminated,  fissile,  micaceous 2    6 

4.  Sandstone,  hard,  coarse,  dull  red 40 

5.  Sandstone,  hard,  calcareous,  dull  reddish -grey  • 0    6 

6.  Marl  band 0    2 

7.  Sandstone,  like  4 30 

16    4 

There  is  some  faint  resemblance  here  to  the  beds  exposed  in  the 
quarry  last  described,  half  a  dozen  yards  away. 

11.  Some  considerable  distance  on,  at  about  ten  yards  down  the 
slope,  are  some  shallow  trenches  in  coarse  dull-red  sandstone,  of  the 
Keuper. 

Tlie  above  are.  the  main  exposures  on  the  scarp  slope.  As  the 
general  dip  seems  to  be  about  E.S  E.,  probably  the  beds  at  the  top 
of  the  East  Quarry  are  the  highest  exposed  along  the  scarp,  and  are 
about  35  ft.  above  the  base :  reckoning  the  lowest  beds  in  the  East 
Quarry  to  overlie  the  highest  in  the  Pit  Quarry,  and  the  bottom  beds 
in  the  latter  to  be  about  four  feet  above  the  Bunter. 

A  cornstone  band  crops  out  nearly  at  the  top  of  the  hill,  and  the 
summit,  of  dull-red  sandstone,  is  about  60  ft.  above  the  top  of  the 
Bunter :  so  that  we  have  in  the  outlier  a  thickness  of  at  least  60  ft. 
of  Keuper  beds. 

At  the  south  end  of  the  hill,  overlooking  the  valley,  is  a  grassy 
bank,  too  steep  for  cultivation,  along  the  bottom  of  which  for  some 
yards  the  fault  rock  projects  in  thick  masses.  Immediately  below 
the  fault  rock  the  Bunter  appears.  The  fault  rock  itself  consist* 
chiefly  of  slabs  of  very  hard  sandy  rock,  ringing  under  the  blows  of 
the  hammer,  highly  calcareous,  and  dark-coloured  with  manganese 
oxide.  It  frequently  contains  small  cavities.  At  certain  point-s 
broken  and  sUckeusided  fragments  of  Bunter  occur.  The  slabs  dip 
into  the  hill  at  an  angle  of  60°;  the  hade  of  the  fault  is  therefore 
30°  and  its  direction  is  north-east  and  south-west,  with  the  doivn- 
throw  to  the  north-west. 

A  few  feet  higher  up  and  at  the  south-west  end  of  the  bank,  on 
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the  downthrow  side  of  the  fault,  a  fine-grained  sandstone  occurs, 
only  distinguished  from  typical  Bunter  hy  being  somewhat  paler. 
Probably  this  is,  however,  a  fine-grained  Keuper,  as  at  the  north- 
east end  of  the  bank,  a  few  yards  away,  and  about  a  dozen  feet 
higher  up  than  the  fault  line,  is  a  mass,  in  situ,  of  sandstone,  coarse, 
soft,  dull  reddish-brown,  micaceous,  and  containing  rolled  marl 
fragments  —  undoubted  Keuper  —  so  that  the  Keuper  comes  right 
down  to  the  fault  plane,  or  to  within  five  or  six  feet  of  it. 

We  can  roughly  calculate  the  throw  of  the  fault  thus :  At  the 
cave  in  Mount  Segg  [see  Sketch  Map]  the  dip  is  9°  at  right  angles 
to  the  scarp.  At  the  Bunter  Quarry,  on  the  Bissell  Hill  scarp,  the 
dip  is  about  13^  at  right  angles  to  the  scarp.  We  may  assume  the 
dip  to  remain  fairly  constant  for  the  distance  between  the  two  scarps. 
Taking  its  average  value  as  IP,  which  is  equivalent  to  a  rise  of 
1  in  5,  and  the  rectangular  distance  between  the  respective  boundary 
lines  as  2200  feet,  we  have  in  2200  feet  a  rise  of  440  feet,  i.e,  the 
base  of  the  Keuper  at  Bissell  Hill,  had  there  been  no  fault,  would 
have  been  440  feet  higher  than  at  Mount  Segg.  But  we  find  that  it 
18  actually  at  about  the  same  altitude,  viz.  800  feet  above  sea-level. 
There  must,  therefore,  have  been  a  downthrow  to  the  north-west  of 
about  440  feet,  and  without  this  the  Keuper  would  have  been  long 
since  removed. 

The  fault  is  represented  in  the  Sketch  Map  as  a  single  line  of 
fracture  dying  out  in  each  direction.  Whether  this  is  really  the 
cane  is  open  to  question,  as  there  is  no  evidence  to  be  obtained.  It 
may  continue,  perhaps,  in  a  south-westerly  direction  to  merge  into 
a  fault  which  passes  near  the  village  of  Churchill,^  each  having 
a  downthrow  to  the  west. 

Conciuaion, — We  have  seen  that  the  top  beds  of  Bissell  Hill  agree 
perfectly  with  the  Keuper  Beds  [f  5]  of  the  main  escarpment,  and 
that  the  lower  beds  of  each  agree  in  being  undoubted  Upper 
Bunter  [f  3].  The  Keuper  capping  is  isolated  from  the  main  mass 
and  is  therefore  an  outlier,  and  has  been  produced  by  the  downthrow 
of  a  strike  fault  parallel  to  the  two  escarpments. 

At  A  and  B  [on  the  Sketch  Map]  are  scattered  numerous  rock 
fragments,  chiefly  derived  from  the  Cient  district  to  the  north-east. 


KoTK  ON  A   Paper  on   "Eozoonal  Stritcture  of  the  Ejected 

Blocks  of  Monte  Somma.'' 

IN  a  letter  to  the  Editor,  Sir  W.  Dawson,  of  Montreal,  has  com- 
municated his  reasons  for  the  belief  that  the  appearances 
described  lately  by  Dr.  Johnston-Lavis  and  Dr.  J.  W.  Gregory,  in 
their  paper  on  "  Eozodnal  Structure  of  the  Ejected  Blocks  of  Monte 
Somma," '  have  no  relation  to  Eozodn  Canadense,  either  in  mode  of 
occurrence  and  mineral  character  or  in  microscopic  structure.     He 

»  See  Geol.  Survey  Map,  Sheet  64  N.W. 

'  Scientif.  Trans.  Roy.  Dublin  Society,  series  ii,  vol.  v,  part  vii,  pp.  269-277, 
five  plates ;  October,  1894. 
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refers  especially  to  the  typical  specimens  of  Eozoon  in  wbiob  the 
laminffi  remain  as  calcite,  while  the  chambers  are  filled  with 
serpentine,  or  more  rarely  with  malacolitei  and  the  canals  and 
tubules  with  serpentine  or  dolomite. 

1.  As  to  mode  of  occurrence  and  mineral  character,  in  the 
Yesuvian  paper  it  is  wrongly  stated  that  the  typical  Eozoon  is 
enclosed  in  a  pyroxenic  igneous  rock.  The  best  specimens  have  all 
been  found  in  the  thick  *'  Grenville  Limestone "  of  Sir  William 
Logan,  estimated  by  him  at  750  feet  in  its  average  thickness,  though 
with  a  few  intercalated  thin  bands  of  gneiss  and  quartzite.  In  the 
vicinity  of  Cote  St.  Pierre  in  the  Seigniory  of  Petite  Nation,  where 
some  of  the  best  specimens  of  Eozoon  are  found,  the  outcrop  of 
this  limestone  has  been  traced  continuously  and  mapped  by  the 
Geological  Survey  for  twenty-five  miles,  and  in  the  same  district  it 
occurs  over  an  extent  of  more  than  one  hundred  miles  on  the  reverse 
sides  of  synclinal  and  anticlinal  folds,  where  it  may  be  recognized 
by  its  character  and  associations  as  well  as  by  its  holding  Eozoon, 
It  is  true  that  grains,  nodules,  and  thin  interrupted  bands  of  a  white 
variety  of  pyroxene  (malacolite)  occur  sparingly  in  this  limestone ; 
but  neither  in  their  chemical  composition  nor  in  their  mode  of 
occurrence  have  we  any  proof  or  even  probability  of  an  igneous 
(intrusive)  origin.  This  was  the  matured  conclusion  of  the  late 
Dr.  Sterry  Hunt ;  and  Dr.  F.  D.  Adams,  at  present  our  best  authority 
on  these  rocks,  is  of  the  same  opinion. 

The  Grenville  Limestone  has  been  much  bent  and  folded,  and 
with  its  accompanying  beds  has  been  subjected  to  regional  meta- 
morpliism.  In  the  Petite  Nation  localities,  however,  it  has  not,  as 
far  as  known,  been  invaded  by  igneous  dykes  or  masses. 

Specimens  of  Eozoon  included  in  this  limestone  vary  from  single 
individuals  ranging  from  an  inch  to  six  inches  in  diameter  to 
aggregated  groups  of  a  foot  or  more;  and  microscopic  examination 
shows  that,  in  some  of  the  beds  in  which  they  occur,  there  are 
innumerable  fragments  showing  the  same  structures  scattered  on 
the  bed-planes,  and  associated  with  the  minute  globular  chamberlets 
which  I  have  named  Archaosphariiue.  The  specimens  of  Eozoon 
may  be  seen  weathered  out  on  the  surfaces  of  the  limestone  exactly 
in  the  manner  of  Stromatoporsd  on  the  surfaces  of  the  calcareous 
rocks  of  the  Cambrian,  Ordovician,  and  Silurian. 

In  certain  layers  of  the  Grenville  Limestone  grains  and  concretions 
of  serpentine  and  malacolite  occur  without  Eozoon,  and  specimens 
of  Eozoon  with  only  so  much  of  such  minerals  as  may  be  contained 
in  their  chambers.  There  are  also  instances  in  which  specimens  of 
Eozoon  occur  attached  to  or  partially  imbedded  in  such  nodules, 
just  as  Sponges  and  other  organisms  occur  associated  with  fiints  in 
chalk,  or  as  StromatoporsB  occur  in  connection  with  concretions  of 
chert  in  PalsBozoic  limestones.  The  origin  of  the  concretions  them- 
selves must  have  been  contemporaneous  with  the  formation  of  the 
limestone. 

2.  Form  and  Structure, —  An  inverted  position  of  Eozoon  seems  to 
have  been  adopted  by  the  authors  of  the  paper  and  by  ZitteL 
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Altbongb  the  plates  apparently  show  some  of  the  forms  described 
in  the  paper  as  lying  parallel  to  igneous  veins,  and  as  their  selvages, 
or  as  rounded  masses  like  nodules  and  geodes,  on  closer  inspection 
essential  differences  may  be  observed.  The  Yesuvian  specimens 
consist  of  continuous  laminaa  of  crystalline  igneous  matter,  including 
interrupted  or  lenticular  layers  of  calcite.  Eozoon  on  the  contrary, 
when  well  preserved,  consists  of  a  continuous  skeleton  of  calcite 
made  up  of  broad  layers  slightly  pitted  on  their  surfaces,  and 
connected  at  intervals ;  while  the  siliceous  material  appears  as 
%  substance  filling  wide  flattened  mammillated  chambers  more  or 
less  limited,  and  presenting  amoeboid  lobes  at  their  extreme  edges, 
and  passing  finally  in  the  upper  part  into  rounded  chamberlets. 
This  difference  should  commend  itself  to  any  palsdontologist,  but 
I  am  aware  that  it  may  be  overlooked  by  cursory  observers.  Scores 
of  specimens  have  been  sent  to  me  of  banded  rocks,  supposed  by 
their  finders  to  resemble  Eozodn,  though,  in  arrangement  of  parts, 
the  converse  of  it 

Perfect  detached  individuals  of  Eozoon  are  usually  of  inverted 
conical  form,  springing  from  a  narrow  base  and  widening  upward  in 
the  manner  of  some  sponges  and  corals.  When  close  together  they 
often  become  confluent,  and  when  these  confluent  masses  or  layers 
appear  to  be  hollow  or  doubled,  I  believe  that  this  usually  renults 
from  the  folding  of  the  containing  bed ;  and  the  laniinaa  may  be 
observed  to  be  bent  and  crushed  at  the  flexures. 

In  the  specimens  figured  in  the  paper,  the  characteristic  micro- 
scopic structures  of  Eozoon  are  entirely  absent.  There  is  no  trace 
of  the  beautiful  and  complicated  system  of  canals;  and  the  fibrous 
Blructures  compared  with  the  minute  tubulation  are  merely  prismatic 
fibrous  crystals,  like  the  secondary  veins  of  chrysotile  which  some- 
times cross  and  deteriorate  our  specimens  of  Eozoon.  With  reference 
to  these  chrysotile  veins,  while  their  filling  of  minute  and  often 
transverse  and  branching  cracks  shows  that  they  are  merely  aqueous 
deposits  of  later  origin  than  the  structures  which  they  traverse,  and 
while  their  appearance  under  high  powers  is  very  different  from  that 
of  the  tubuli  of  the  calcite  layers,  they  have  no  doubt  been,  when 
parallel  to  the  layers,  and  in  poor  specimens,  fertile  causes  of  error. 
They  are  absent  from  the  more  perfect  specimens.  I  may  also 
explain  that  while  the  finely  tubulated  margin  of  the  calcareous 
layers  can  be  seen  to  terminate  abruptly  against  the  filling  of  the 
chambers,  it  passes  gradually  in  the  interior  of  the  layer  into  the 
larger  canals  when  these  are  present.  Naturally  also,  the  finely 
tabulated  wall  often  fails  to  show  its  structure,  just  as  anyone  who  has 
examined  large  series  of  sections  of  Nummulites  may  observe  in  these 
fossils  ;  and  the  tubuli  are  often  filled  with  dolomite  or  calcite  very 
difficult  to  distinguish  from  the  substance  of  the  calcareous  lamina. 

The  late  Dr.  Carpenter  quite  understood  the  distinction  between 
the  veins  of  asbestiform  serpentine  and  the  organic  structures,  and 
he  hoped  to  have  prepared  an  exhaustive  memoir  on  the  subject, 
including  my  material  as  well  as  his  own.  Had  this  intention  been 
fulfilled  many  subsequent  mistakes  might  have  been  avoided. 
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The  writers  of  tbe  paper  do  not  seem  to  notice  that  in  ihe 
St.  Pierre  specimens  the  fine  canals  and  tubuli  are  often  filled 
with  transparent  dolomite,  difficult  to  perceive  without  very  good 
preparations  and  properly  managed  li^ht.  In  roughly  prepared 
specimens,  and  without  careful  attention  to  illnmination,  these 
delicate  structures  are  often  quite  invisible.  I  have  sections 
properly  prepared  which  show  the  finest  and  most  complicated 
tubulation  in  a  manner  equal  to  anything  I  have  seen  in  any  fosMil 
Foraminifera  from  more  recent  formations,  while  other  slices  cut 
from  the  same  specimen,  but  possibly  slightly  heated  or  subjected 
to  mechanical  jars  in  polishing,  show  little  except  a  curdled  appear* 
anoe  of  the  serpentine  and  a  multitude  of  cleavage-planes  in  the 
calcite.  In  like  manner  in  preparing  decalcified  specimens,  a  little 
heat  or  an  acid  too  strong  or  not  quite  pure  may  remove  all  the 
dolomitic  casts  of  tubuli,  and  may  erode  those  of  serpentine.  From 
causes  of  this  kind  I  fear  many  who  have  pronounced  very  decided 
opinions  on  Eozoon  have  not  actually  seen  perfect  examples  of  its 
structure. 

While,  therefore,  I  must  agree  with  the  writers  of  the  paper  that 
their  specimens  from  Somma  belong  to  the  category  of  those  banded 
structures  found  in  concretions  and  geodes,  and  at  the  lines  of  contact 
of  igneous  and  aqueous  rocks,  with  which  those  who  have  advocated 
the  organic  origin  of  Eozoon  are  not  unfamiliar,  and  which  they 
have  all  along  been  solicitous  to  distinguish  from  it,  I  must 
emphatically  deny  that  they  resemble,  either  in  composition,  mode 
of  occurrence,  or  form  and  structure,  the  Laurent ian  Eozoon  of 
Canada. 

I^  H  V  I  E  ^W  S. 

I. — Synopsis  of  ths  Airbrbathinq  Animals  of  the  Paiisozoio 
[Rocks]  in  Canada,  up  to  1894.  By  Sir  William  Dawson, 
C.M.G.,  LL.D.,  F.R.S.  Pages  71-88,  from  the  Transact.  Boy. 
Soc,  Canada,  Section  IV,  1894. 

TITTLE  more  than  fifty  years  ago  very  few  relics  of  any  air- 
J  breaihifkg  animals  were  known  to  exist  in  strata  of  Palasozoio 
age.  Since  then  Canada,  especially  the  Eastern  Province  of  the 
Dominion,  has  yielded  numerous  interesting  examples  of  such 
animals,  high  in  grade  above  the  common  kinds  of  fossil  creatures 
of  protozoan,  coelenterate,  and  molluscan  families.  Logan*s  dis- 
covery, in  1841,  of  fossil  Batrachian  footsteps  in  the  Lower  Coal- 
measures  at  Horton  Bluff,  in  Nova  Scotia,  was  the  first  indication 
of  the  existence  of  air-breathing  vertebrates  in  the  Carboniferous 
rocks  (Proceed.  Geol.  Soc.  London,  vol.  iii,  1842,  p.  712).  In  1844 
Dr.  King  announced  the  discovery  of  foot-prints  in  the  Carboniferous 
of  Pennsylvania ;  and  Yon  Decken  the  finding  of  skeletons  of 
Batrachians  in  the  coal-field  of  Saarbruok.  The  first  discovery  of 
the  osseous  remains  of  any  Palaeozoic  land  vertebrate  in  America 
was  that  of  Baphetea  planieepa,  found  by  Sir  W.  Dawson  in  the 
Pictou  coal-field  in  1850  (Quart.  Journ.  Geol.  Soc.  vol.  x,  1856, 
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p.  209,  pi.  iz.  Desoribed  and  fibred  id  Dawson's  **  Air-breathers 
of  the  Goal-period/'  1863,  pp.  5-7,  pi.  i,  figs.  1,  la ;  and  *'  Aoadian 
Geology,"  1868,  pp.  328,  359). 

In  1851  several  relics  of  some  small  animals  of  the  Batraohian 
kind  (Amphibia),  Dendrerpeton  Acadianum,  eto.,  were  discovered  by 
Dawson  and  Lyell  in  what  had  been  the  hollow  stump  of  a  tree 
ill  the  coal-growth  of  Carboniferous  times,  at  the  South  Joggins, 
Nova  Scotia  (Quart  Journ.  Geol.  Soa  vols,  ix  and  x,  "Acadian 
Geology,"  p.  362,  etc.,  and  "Air-breathers  of  the  Coal-perioil,** 
pp.  17-31,  pi.  iii).  Other  congeneric  forms  also  were  found  under 
similar  conditions  in  the  same  locality. 

The  first  announcement  of  the  discovery  of  fossil  Insects  in 
America  was  that  by  Hartt  of  the  finding  of  four  kinds  of  insect 
wings  in  the  "Fern  Ledges*'  of  the  Little-Kiver  Group  of  the 
Devonian  (Erian)  strata  at  St  John,  New  Brunswick,  in  1862 
("Canadian  Naturalist,*'  new  series,  vol.  iii,  1867,  p.  205). 

Insects  had  previously  been  found  in  the  Carboniferous  strata  of 
Europe,  and  have  since  been  traced  back  to  the  Silurian  of  France 
(Palaoblatiina,  Bmng.). 

A  valuable  digest  of  the  Fossil  Insects  of  North  America,  so  far 
as  then  known,  was  communicated  in  1868  by  Mr.  Scudder  to  the 
Gbological  Magazink,  Vol.  V,  pp.  172-177,  and  pp.  216-222;  and 
bis  well-known  "  Fossil  Insects  of  North  America,  with  Notes  on 
some  European  species,"  was  reviewed  in  the  Gkol.  Mag.  Dec.  Ill, 
Vol.  VIII.  pp.  280-282,  and  Vol.  IX,  pp.  128-132. 

The  earliest  known  Carboniferous  Millipede  is  the  Xylohius 
sigillnria,  discovered  by  Sir  W.  Dawson  in  Nova  Scotia  in  1858; 
Bee  Quart  Journ.  Geol.  Soc.  vol.  xvi,  p.  271.  Numerous  other 
species  of  Millipedes  have  been  found  in  the  Devonian  and 
Carboniferous  of  Europe  and  America. 

Of  the  Arachnidans,  both  spiders  and  scorpions,  or  animals  related 
to  them,  have  been  found  in  the  Paleeozoic  strata  of  Europe  and 
America.  The  scorpions  are  the  most  ancient  group  of  the  Aracbnida, 
being  represented  in  the  Silurian  rocks  of  Gotland  and  Scotland 
{Paiaophonus)  and  North  America  (Proacorptus). 

The  first  known  (Carboniferous)  Land-shell  was  discovered  by 
Dr.  Wyman  and  Sir  C.  Lyell  in  1851  (Quart.  Journ.  Geol.  Soc. 
vol.  ix,  1852,  p.  60,  pi.  iv),  among  the  contents  of  one  of  the  fosbil 
tree-stumps,  with  Dendrerpeton  from  the  South  Joggins.  Land- 
shells  have  been  met  with  also  in  the  Devonian  plant-beds  of  New 
Brims  wick  (St.  John),  and  in  some  coal-regions  of  America. 

Thus  in  Canada  have  been  discovered  of  Palaeozoic  air-breathers : — 

1.  Vertebrata,  26  species;  all  Amphibia. 

2.  Arthropoda,  33  species ;  Insects,  Scorpions,  Myriapods. 

3.  MoUusca,  5  species ;  Pulmonate  Snails. 

Of  all  the  above  the  author  gives  a  systematic  account,  with 
references  to  memoirs  and  books,  and  with  the  geological  stages  and 
the  localities.  Of  group  No.  1  there  are  nine  genera  of  recognizable 
Microsaurian  Amphibia;  namely,  Hylonomus,  Smilerpeton  (gen.  nov.). 
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Hylerpeton,  Fritschta  (gen.  nov.),  AmhlyodoHy  Sparodus,  Dendrerpetan, 
Baphetea,  Flaiyhtegoa  (gen.  nov.).  Also  Eosaurva,  of  uncertain 
alliance ;  and  two  genera  known  from  foot-prints  only,  Sauropua 
and  Hylopna, 

Of  group  No.  2  there  are  Oraophonua,  a  pedipalp;  Mazonia  and 
Palaophonua,  belonging  to  the  Eoscorpioidaa ;  and  Eurypterelhf 
Amphipeltia,  and  another,  of  uncertain  position.  Xylobiua,  Archiuhia, 
Amynilyapea,  and  Evphoberia  are  Myriapods ;  and  Palaocampa, 
Eileticua,  and  Ilyodea  are  more  or  less  related  to  them.  Hie 
Insects  comprise  Archimylacria,  Mylacria,  Petroblatttna,  Flatephemera^ 
Lithentomumf  HomothetnSf  Xenoneura,  Haplophlebiunif  Gerephemera, 
Dyacritua,  and  Archaoacolex, 

Of  group  No.  3  there  are  Pupa  (Dendropupa),  Strophia  (Strophella), 
and  Zonitea  (Connlua). 

The  author  adds  an  interesting  account  of  two  fossiliferous  tree- 
stumps  lately  observed  by  Mr.  P.  W.  MoNaughton  at  the  Joggins 
coal-mine  (pp.  84,  85) ;  also  a  Note  on  the  Devonian  plant-beds 
at  St.  John,  New  Brunswick ;  and  he  gives  some  very  useful 
suggestions  for  collectors. 


IJ. — Granites  and  Greenstonks.     A  series  of  Tables  and  Notes 
for  Students  of  Petrology.     By  Frank  Rutley,  F.G.S. 

MR.  RUTLEY  has  done  very  good  service  by  publishing  this 
unpretentious  little  volume,  a  compendium  of  petrology, 
containing  a  very  great  amount  of  useful  information  in  small  bulk 
and  convenient  form.  A  glance  at  the  interior  of  the  book,  with 
its  long  list  of  species  and  varieties  of  rocks,  and  compact  table  of 
minerals,  will  at  once  dispel  any  qualms  which  the  associations 
of  the  title  may  not  improbably  stir,  for  it  is  at  once  evident  that 
Mr.  Rutley  has  no  desire  to  recur  to  the  period  when  everything 
was  either  a  granite  or  a  greenstone.  He,  however,  thinks,  and 
quite  rightly,  that  the  use  of  such  terms  by  geologists  in  the  field 
would  often  save  errors  which  creep  in  when  more  exact  determina- 
tion is  attempted  without  microscopic  aid. 

After  indexing  the  symbols  to  be  employed,  the  author  at  once 
gives  us  a  table  of  rocks,  which  is  clearly  intended  to  be  exhaustive, 
and  to  contain  all  the  most  important  rock  types.  We  notice  a  few 
omissions,  such  as  some  terms  recently  employed  by  Brogger,  which 
seem  to  be  of  equal  importance  with  others  admitted  to  the  table; 
nor  is  it  quite  clear  why  borolanite  is  placed  with  the  dyke  rocks 
rather  than  with  the  nepheline-syenites.  The  table  depends  on 
chemical  composition,  mineral  constitution,  structure,  and  to  some 
extent  on  genetic  relationship,  and  is  probably  as  clear  as  in  the 
present  state  of  our  knowledge  it  could  be  made. 

Definitions  of  rock  structures  follow,  but,  unfortunately,  they  are 
not  arranged  even  alphabetically,  a  defect  to  some  extent  atoned  for 
by  an  index.  Then  the  rocks  themselves  are  defined,  the  unaltered 
rocks  being  placed  by  themselves  and  followed  by  the  altered  rocks: 
the  felsites  are  considered  in  each  division,  while  the  porphy rites, 
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diabases,  and  piorite-porphyrites  are  placed  only  in  the  latter.. 
Explanatory  notes  on  the  mineralogioal  tables  snooeed,  and  these 
contain  a  good  many  useful  hints  on  the  determination  of  some 
niioroscopical  characters  and  the  application  of  optical  tests. 

Finally  come  the  determinative  tables,  arranged  under  such  heads 
as  the  Felspars,  Micas,  Silicates  and  Oxides,  Zeolites,  Iron-ores, 
Alteration  products,  and  the  like,  reference  being  made  easy  by 
a  separate  index  of  minerals. 

The  work  is  likely  to  be  very  useful  to  the  beginner  from  the 
simplicity  of  its  arrangement  and  the  avoiding  of  all  controversial 
matter,  while  even  to  the  advanced  student  it  will  funiish  a  most 
valuable  aid  to  memory,  which  will  save  the  trouble  of  refei*ence  to 
larger  works  at  the  same  time  that  it  will  make  such  reference 
more  easy. 


Geolooigal  Sooiett  of  Glasgow:  May  9,  1895. 

The  ** Shelly  Clays"  and  the  Great  Ice  Age.— Mr,  Duoald  Bell, 
F.G  S.,  read    a  paper   **  On   the  High-level   Shelly  Deposits,  ami 
their    bearing    on    the    question    of    Submergence;     with    special 
reference   to  the   recent   edition  of  Dr.  James  Geikie's  Great  Ice 
Age.**     Dr.  Geikie  had  intimated   that  he  no  longer  believed  in  a 
"great  submergence"  of  about  1400  feet  during  the  Glacial  period, 
wiiich  had   been  inferred  from  such  high-level  shelly  "drifts"  as 
Diose  of  Moel  Tryfaen,  in  Wales.     These,  he  admitted,  were  most 
probably  transported  to  their  present  position  by  an  ice- sheet.     He 
Btill,  however,  believed  in  a  submergence  of  from  oOO  to  600  feet, 
the  evidence  for  which  rests  on  one  or  two  instances  of  high-level 
shelly  clay  in  the  west  and  north  of  Scotland.     Indeed,  it  may  be 
said  to  rest  on  only  one  instance ;    for  the  Aberdeenshire  '*  beds,"  it 
Was  tolerably  clear,  could  not  be  accepted  as  proofs  of  submergence  ; 
and  another  and,  till  lately,  leading  instance  was  in  this  edition 
'*  conspicuous  by  its  absence."     Chapelhall,  near  Airdrie,  which  had 
figured  so  largely  in  connection   with  this  subject  for  forty  years, 
and  on  which  great  stress  was  formerly  laid  by  Dr.  Geikie,  is  now 
entirely  omitted,  without  a  word  of  explanation  !    It  seemed  unusual 
to  allow  one's  favourite  facts  thus  to  sink  out  of  sight,  without  some 
brief  In   Memorinm   being    inserted    where    they  once   figured   so 
largely.     But   Chapelhall  being  thus  summarily  discarded,  Clava, 
Dear  Inverness,   which   had  become  known  since  the  last  edition, 
might  be  said  to  be  the  single  instance  on  which  Dr.  Geikie  had  to 
rest  his  proof  of  a  submergence  of  about  600  feet.     It  was,  so  to 
speak,  the  "  a*e  button,"  which  had  to  bear  a  great  "  responsibility." 
Aocoi'dingly,  in  this  edition,  much  is  made  of  Clava.     A  minority  of 
the  investigating  committee  were  inclined  to  think  that  the  shelly 
deposit  there  may  have  been  transported  by  ice  to  an  elevation  of 
500   feet,  just  as  that  of  Moel  Tryfaen  had  been  to  an  elevation 
of  1400  feet.    But  Dr.  Geikie  will  have  none  of  this.     Moel  Tryfaen 
he  admits,  but  Clava,  he  thinks,  would  be  a  '^ freak"  of  the  ice,  and 
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a  "  remarkable  performance.**  The  argument  that  if  there  had  been 
a  submergence  to  the  extent  of  500  feet,  we  should  find  traces  of 
it  in  innumerable  localities  up  to  that  level — though  formerly  it 
appeared  to  himself  unanswerable  (second  edition,  p.  390) — Dr. 
Oeikie  now  dismisses  by  saying  '*it  does  not  necessarily  follow." 
The  submergence,  he  supposes,  may  have  been  sudden  and  of  short 
duration  ;  or  marine  life  may  have  been  scanty  ;  or  all  traces  of  it 
may  have  been  removed  by  a  subsequent  glaciation.  With  all 
deference,  these  appear  to  be  greater  **  freaks  "  and  more  **  remark- 
able performances  "  than  any  imagined  on  the  other  side ;  and  they 
include  not  only  the  ice  but  also  the  sea  and  the  solid  land.  The 
last  supposition,  which  is  the  most  plausible,  has  been  dealt  with 
elsewhere,^  and  can  be  refuted  in  Dr.  6eikie*s  own  words  (pp.  108, 
109,  112,  etc.)*  With  regard  to  Clava,  it  can  be  maintained  that 
there  is  nothing  in  the  deposit  that  necessitates  having  recourse  to 
a  submergence ;  but  much,  in  addition  to  the  absence  of  traces  of  it 
at  a  similar  level  elsewhere,  that  is  inconsistent  with  it.  Dr.  Geikie 
spoke  of  the  shelly  clay  having  been  *'  dragged  forward  underneath 
an  ice-sheet"  for  a  distance  of  ten  or  twelve  miles;  but  he  can 
hardly  insist  on  this  particular  mode  of  transport,  seeing  he  informs 
us  that  *'  stones  or  boulders,  once  imbedded  in  the  ice,  might  travel 
for  hundreds  of  miles  without  suffering  abrasion  "  (p.  204).  Even 
the  apparent  extent  of  the  deposit — which  appeared  to  be  Dr. 
Geikie*8  principal,  if  not  sole,  diflSculty — if  granted  as  proved,  did 
not  seem  to  be  an  insuperable  objection  to  the  ice-theory.  Numerous 
instances  were  known  in  which  large  masses  of  clay  and  sand,  and 
thin  slabs  of  chalk,  etc.,  had  been  transported  uninjured  by  the  ice. 
But  whatever  weight  attached  to  this  objection  depended  entirely 
upon  the  assumption  that  the  deposit  had  all  been  transported  by  the 
ice  at  once,  or  en  masBe;  which,  to  use  Dr.  Geikie's  words,  "does  not 
necessarily  follow."  It  may  have  been  transported  very  gradually,  and 
accumulated  in  an  extra-glacial  lake,  formed  at  this  part  by  the  ice- 
sheet  passing  across  a  bend  in  that  ran^e  of  hills  along  whose  base 
its  course  lay.  An  examination  of  the  locality  showed  the  extreme 
probability  of  this  suggestion,  which  was  submitted  as  at  least 
preferable  to  sudden  and  transient  submergences  of  500  feet — seas 
with  scarcely  any  marine  life— and  glaciers  that  cleared  away  all 
traces  of  a  former  sea-bed,  over  only  part  of  which  they  could  have 
passed.  It  not  merely  removed  the  objection  referred  to,  but  also 
accounted  in  some  degree  for  several  features  of  the  deposit  which, 
on  the  theory  of  a  submergence,  seemed  inexplicable — such  as  the 
absence  of  all  traces  of  currents  in  the  clay,  yet  the  worn  and 
rounded  stones  imbedded  in  the  heart  of  it ;  the  sharp  line  of 
distinction  between  it  and  the  other  parts  of  the  section ;  its  wide 
difference  from  these  in  composition,  etc.  Reference  was  then  made 
to  the  frequent  elevations  and  depressions  which  Dr.  Geikie  still 
favoured  during  the  Glacial  period ;  their  want  of  harmony  with 
what  had  been  observed  in  other  parts  of  the  northern  hemisphere; 
their  improbability  in  themselves,  and  especially  in   the  repeated 

1  Traiw.  Geol.  Soc.  Glas.  yoL  ix,  pp.  109,  110. 
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oonjanotion,  aooording  to  his  scheme,  of  submeivence  with  severe 
conditions  of  climate  (pp.  312-3,  324-5,  etc.).  §a  far  as  oould  be 
seen,  submergenoe,  by  diminishing  the  extent  of  high  Lind  and  more 
freely  admitting  the  ooean-ourrents,  must  have  been  favoarable  to 
milder  olimatal  conditions,  as  Lord  Kelvin,  in  his  paper  on  ''  Geo* 
logical  Climate,"  had  shown.  Mr.  Bell  concluded  by  expressing  his 
high  respect  for  Dr.  Qeikie,  though  obliged  on  these  points  to  differ 
from  him.     A  discussion  followed. 


Qbolooioal  Sooibtt  or  London. 

L— April  3rd,  1895.— Dr.  Henry  Woodward,  F.R.S.,  President, 
in  the  Chair.    The  following  communications  were  read : — 

1.  "Physical  Features  and  (Geology  of  Mauritius."  By  Major 
H.  de  Haga  Haig,  B.E.,  F.G.S. 

The  greater  part  of  the  surface  of  Mauritius  is  composed  of  a 
volcanic  breccia ;  here  and  there  lava-streams  occur  in  the  sections 
exposed  in  ravines,  and  sometimes  on  the  surface.  The  commonest 
lavas  are  dolerites. 

In  at  least  two  places  sedimentary  rocks  occur  at  considerable 
elevations;  in  the  Black  Biver  Mountains  at  a  height  of  about 
1200  feet  a  clay-slate  is  found,  and  near  Midlands  in  the  Grainl 
Port  group  of  mountains  a  chloritio  scliist  is  found  at  an  elevation 
of  about  1700  feet,  forming  the  hill  of  La  Selle ;  the  schist  is  much 
contorted,  but  seems  to  have  a  general  dip  to  the  south  or  south-east. 

Evidence  of  recent  elevation  of  the  island  is  furnished  by  masses 
of  coral-reef  and  beach  coral-rock  standing  at  heights  of  40  feet 
above  sea-level  in  the  south,  12  feet  in  the  north,  and  7  feet  on  the 
islands  situated  on  the  bank  extending  to  the  north-east. 

The  author  gives  full  details  of  the  physical  geography  of  the 
island,  including  the  nature  and  composition  of  the  mountain-ranges, 
the  depth  of  the  ravines,  the  occurrence  of  caverns  in  the  lavas,  and 
the  character  of  the  coral-reef  surrounding  the  island.  Information 
u  furnished  concerning  the  neighbouring  islands,  and  reference 
made  to  the  possible  former  existence  of  an  extensive  tract  of  land 
at  no  great  distance  from  Mauritius. 

2.  '*0n  a  Comparison  of  the  Permian  Fresh-water  Lamelli- 
branchiata  from  KusHia  with  those  from  the  Karoo  Formation 
of  Africa."  By  Dr.  Wladimir  Amalitsky,  Professor  of  Geology  in 
Warsaw  University.  (Communicated  by  Dr.  H.  Woodward,  F.K.S., 
Pres.  Geol.  Soc.) 

llie  fresh- water  shells  from  the  Bussian  Permian  deposits 
belonging  to  the  genus  Palaomutda  are  also  known  from  the 
Karoo  Beds  of  South  and  Central  Africa,  as  pointed  out  by  the 
author  in  1892.  He  has  recently  had  the  opportunity  of  studying 
the  actual  specimens  from  the  Karoo  Beds,  and  finds  in  tlieni 
species  of  the  groups  Palaomutela  Inostranzem,  P.  Keyserlingiy 
P,  Verneuilii,  and  P.  Murchtaoui ;  also  of  a  new  genus,  the  forms  of 
which  he  had  previouhly  referred  to  Naiaditea,  Dawson.  All  these 
groups  are  found  also  in  Bussia,  and  he  gives  a  list  of  species  found 
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in  the  upper  horizons  (A,  B.  and  C)  of  the  Permian  beds  of  Bossia, 
and  in  the  Karoo  Beds.  These  upper  be<l8  of  Biissia  have  been 
determined  by  the  author  as  the  fresh- water  equivalents  of  the 
Zeohstein ;  consequently  the  Beaufort  Beds  of  the  Karoo  series,  if 
considered  as  the  homotaxial  equivalent  of  the  European  strata 
referred  to  above,  should  be  regarded  as  Upper  Permian.  The 
Upper  Permian  group  of  fresh-water  lamellibranchiata  of  Russia, 
which  bears  traces  of  genetic  relationship  with  the  Carhoniferooa 
Anthracosidse,  and  which  was  already  well  represented  in  Permo- 
Carboniferous  and  Lower  Permian  times,  is,  according  to  the  author, 
much  older  than  the  Afric^in  fauna  of  the  Beaufort  Beds.  These 
may  be  concluded  to  have  migrated  from  Bussia,  the  Qondwana 
Beds  of  India  having  probably  been  the  connecting-link  between 
all  these  deposits. 

The  author  gives  a  description  of  the  fossils  of  the  Karoo  series 
which  he  has  examined,  including  a  diagnosis  of  the  new  genus,  in 
which  he  places  the  fossils  already  alluded  to  as  having  been 
previously  referred  to  the  genus  Naiadites. 

3.  "  Ice- plough  Furrows  of  a  Glacial  Period."  By  W.  S.  Gresley, 
Esq..  F.G.S. 

The  furrows  described  in  the  paper  occur  in  the  Coal-measures 
of  north-west  Leicestershire.  The  author  couHiders  that  they  were 
formed  about  the  time  of  the  Glacial  period  by  floating  ice. 


IL— April  24th.  1895.— Dr.  Henry  Woodward,  F.R.S.,  President, 
in  the  Chair.     The  following  oommuuications  were  read  : — 

1.  "On  the  Shingle  Beds  of  Eastern  East  Anglia."  By  Sir 
Henry  H.  Howorth,  K.C.I.E.,  M.P.,  F.B.S.,  F.G.S. 

The  author  has  carefully  examined  the  country  around  South  wold, 
where  the  beds  known  as  Weslleton  Beds  (which  might  well  have 
been  associated  with  the  name  of  South  wold)  are  developed.  He 
alludes  briefly  to  the  recent  shingle,  whose  pebbles  are  derived  from 
the  ancient  shingles  of  the  clifl^s ;  the  formation  of  this  shingle,  he 
maintains,  may  belong  to  a  time  not  far  removed  from  our  own  day. 

Turning  to  the  Westleton  Beds,  he  notices  that  they  are  essentially 
**  drifts,"  the  component  pebbles  not  having  been  shaped  on  the  spot, 
but  brought  as  pebbles  from  elsewhere  ;  and  he  gives  reasons  for 
supposing  that  they  were  derived  fn»m  pebhly  beds  in  the  Lower 
London  Tertiary  group  and  in  the  Red  Crag.  He  also  maintains 
that  the  shells  of  the  Westleton  Beds  and  Bnre  Valley  Beds  are 
derived  from  Crag  deposits.  Reasons  are  given  in  the  i)aper  for 
supposing  that  the  pebbles  of  the  Westleton  shingle  of  East  Anglia 
came  from  the  west,  and  that  this  moved  east  wan!  from  the  plateau 
of  Suffolk  towards  the  sea.  It  is  considered  that  these  beds  cau 
only  be  explained  by  a  tumultuous  diluvial  movement. 

2.  *•  Supplementary  Notes  on  the  Systematic  Position  of  the 
Trilobites."  By  H.  M.  Bernard,  Esq.,  M.A.,  F.L.S.,  F.Z.S. 
(Communicated  by  the  President.) 

[06  the  publication  of  a  paper  by  tho  author  in  the  Quarterly 
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Journal  of  the  Oeological  Society  for  1894,  two  important  papers 
by  Dr.  Beecher  have  appeared,  giving  details  as  to  the  structure 
and  appendages  of  Triarihrus, 

In  the  present  paper  the  author  discusses  in  detail  the  more 
recent  discoveries  in  the  light  of  the  affinity  between  ApuB  and  the 
trilobites,  and  endeavours  to  show  how  the  results  obtained  by 
Dr.  Beecher  bear  on  the  larger  question  as  to  the  sufi^gested  origin 
of  both  of  these  animals  from  a  chsBtopod  annelid  modified  in 
adaptation  to  a  new  manner  of  feeding. 

3.  "  An  Experiment  to  illustrate  the  Mode  of  Flow  of  a  Viscous 
Fluid."     By  Prof.  W.  J.  Sollas.  D.Sc..  LL.D..  F.R.S.,  F.G.S. 

The  author,  recognizing  that  it  is  by  a  knowledge  of  the  laws  of 
viscous  flow  that  we  must  seek  to  extend  our  information  concern- 
ing the  movements  of  flowing  ice,  conducted  an  experiment,  the 
details  of  which  are  described  in  the  paper,  with  a  model  of  a  glacier 
composed  of  the  modification  of  pitch  usually  known  as  **  cobbler's 
wax."  In  the  model  the  pitch  moved  under  its  own  weight  over 
the  horizontal  floor  of  a  trough,  which  was  crossed  by  a  barrier 
to  represent  an  oppotting  mountain  or  the  rising  end  of  a  lake.  The 
results  of  the  ex|)eriment  showed  that  the  movement  of  the  pitch- 
glacier  was  not  confine<l  to  that  portion  of  it  which  rose  above  the 
barrier,  but  extended  throughout  its  mass,  and  that  an  upward  as 
well  as  forward  movement  took  place  as  the  barrier  was  approached. 
I'hus  the  transport  of  stones  by  glaciers  from  lower  to  higher  levels 
was  by  no  means  an  incredible  phenomenon,  but  a  necessary 
concomitant  of  such  simple  conditions  as  those  assumed  in  the 
experiment. 

III.— May  8th.  1895.— Dr.  Henry  Woodward,  F.R.S.,  President, 
in  the  Chair.     The  following  communications  were  read  : — 

1.  "The  Stirling  Dolerite."  By  Horace  W.  Monckton,  Esq., 
F.L.S.,  F.G.S. 

The  rock  described  in  the  paper  forms  a  mass  about  eight  miles 
in  length,  with  an  average  width  of  about  a  mile;  it  is  intruded 
into  the  lower  part  of  the  Carboniferous  Limestone  series.  There 
is  little  doubt  that  the  Abbey  Craig  rock,  north  of  the  Forth,  is 
connected  with  the  Stirling  rock  ;  and  there  is  reason  to  think  that 
the  igneous  rocks  of  Cowden  Hill  and  of  the  hills  around  Kilsyth 
are  outlying  portions  of  the  Stirling  rock,  being  connected  with  it 
underground. 

All  these  patches,  as  well  as  the  main  mass,  are  for  the  most  part 
composed  of  a  more  or  less  coarse-grained  dolerite,  the  marginal 
part  always  becoming  finer-grained,  whilst  the  actual  edge  has 
apparently  been  a  tachylyte  now  devitrified. 

The  author  gives  the  results  of  his  macroscopic  and  microscopic 
examination  of  the  rocks  from  various  parts  of  the  mass.  He 
describes  rocks  from  the  centre,  and  also  towards  the  bottom  and 
top  of  the  main  mass,  including  actual  contact-specimens  from 
the  bottom  at  Sauchie  Craig  and  from  the  top  at  Sauchiebum 
as  well  as  coutact-speoimens   from   minor  sheets ;   and  he  infers 
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that  the  sequenoe  is  somewhat  as  follows  (beginDing  from  the 
centre : — 

(i)  Coarse-grained  ophitio  dolerite,   forming  the  greater  part  of 

the  mass, 
(ii)  Fine-grained   ophitio   dolerite,   say    10  to  20   feet  from  the 

margin, 
(ill)  Basalt  with  very  little  augite,  and  with  rods  of  iron-oxide, 
(iv)  Basalt  with  porphyritic  plagioclase-crystals  in  a  groundmass 
of  microliths   of  plagioolase   and   hairs   and    rods  of  iron- 
oxide,  having  no  atigite.     Tliis  occurs  as  near  as  ^  an  inch 
to  the  junction,  and  as  far  as  5  inches  away  fi-oiii  it. 
(v)  Basalt  with   porphyritic    plagioolase  in  a  gray  groundmass, 

say  "A"  to  1  inch  from  the  margin, 
(vi)  Basalt  with  porphyritic  plagioolase  in  a  groundroass  which  is 
sometimes  spherulitic ;  ahout  -^V  inch  thick  on  the  average. 

2.  "Notes  on  some  Hailway  Cuttings  near  Keswick."  By  J. 
Postlethwaite,  Esq.,  F.G.S. 

Several  cuttings  have  recently  been  made  on  the  Cookermouth, 
Keswick,  and  Penrith  Hailway,  chiefly  through  drift,  though  some 
occur  in  the  Skiddaw  Slates,  and  in  one  case  a  diabase  dyke  (much 
decomposed)  was  met  with. 

The  author  describes  the  drift  as  blue  clay  beneath,  and  brown 
clay  above,  and  considers  that  these  two  clays  were  produced  during 
two  separate  periods  of  glaciation,  with  no  long  interval  between. 
In  some  places  near  Keswick  water-borne  gravel  may  be  seen 
surmounted  by  blue  clay ;  this  gravel  is  considered  by  the  author 
to  he  of  fluviatile  origin. 

The  author  has  searched  both  blue  and  brown  clays  diligently  for 
shells,  but  hitherto  without  success. 

3.  *•  The  Shelly  Clays  and  Gravels  of  Aberdeenshire  considered 
in  Relation  to  the  question  of  Submergence."  By  Dugald  Bell,  Esq., 
F.G.S. 

The  drifts  of  this  region  have  been  described  by  Mr.  Jamieson, 
and  also  in  the  publications  of  the  Geological  Survey.  The  two 
authorities  agree  that  the  Lower  (gray)  Boulder-clay  of  the  district 
was  produced  by  a  local  glaciation.  The  Geological  Surveyora, 
however,  maintain  that  the  intervening  sands  and  gravels  with 
marine  shells  were  produced  during  a  submergence  of  500  feet  or 
upwards,  whilst  the  Upper  (red)  Boulder-clay  was  formed  by  an 
ice-sheet  from  the  south.  Mr.  Jamieson,  on  the  other  hand,  assigns 
a  purely  glacial  origin  to  the  Middle  Sands  and  Gravels,  and  con- 
siders that  the  Bed  Clay  (which  contains  a  few  fragments  of  marine 
shells)  indicates  a  submergence. 

The  author  discusses  these  views,  and  maintains  that  submergence 
is  not  proved  in  the  case  of  either  Middle  Gravels  or  Red  Clay,  but 
that  the  former  are,  as  Mr.  Jamieson  maintained,  truly  glacial, 
whilst  he  advocates  the  existence  of  extra-morainio  lakes  to  explain 
the  latter. 
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SCOTTISH  INTER-GLACIAL  BEDS. 

Sir, — Kindly  allow  me  a  few  lines  in  reply  to  Mr.  Clement  Heid's 
statements  in  the  last  number  of  this  Magazine.  Mr.  Beid  doubts 
the  inter-Glaoial  age  of  certain  deposits  which  have  been  described 
as  occurring  between  Lower  and  Upper  Boulder-clays  at  Cowden 
Olen,  in  Lanarkshire,  and  at  Hailes  Quarry  and  Eedhall  Quarry, 
near  Edinburgh,  brief  reference  to  which  is  made  at  p.  99  of  my 
^  Great  Ice  Age."  third  edition.     I  shall  take  the  cases  seriatim. 

1.  Cowden  Glen. — Mr.  Reid  has  not  visited  this  locality,  and  the 
section  has  been  obliterated  for  some  years.  He  objects  to  the 
fossiliferous  beds  being  classed  as  inter-Glacial,  for  two  reasons: 
(1)  because  in  some  material  sent  to  him  for  examination  he  detected 
two  seeds  of  the  garden  poppy,  and  (2)  because  the  whole  assemblage 
of  plants  and  the  state  of  preservation  of  the  animal  remains  suggest 
to  him  an  extremely  recent  date  for  the  deposits.  Now,  had  Mr. 
Reid  perused  a  paper  read  by  Mr.  Bennie  to  tlie  Geological  Society 
of  Glasgow  in  1889,  he  would  probably  have  expressed  himself 
less  decidedly.  The  material  examined  by  Mr.  Heid  was  washed 
from  the  peaty  silt  by  Mr.  Bennie  in  1868  and  1869,  and  had 
lain  aside  for  twenty  years  before  it  was  subuiitted  to  Mr.  Keid's 
inspection.  Among  this  material,  some  obtained  from  another 
observer  was  included  by  Mr.  Benuie.  It  is  not  unlikely,  therefore, 
as  Mr.  Bennie  admits,  that  the  two  poppy  seeds  might  have  found 
their  way  accidentally  into  the  collection  during  the  long  time  it  lay 
in  his  possession.  It  is  even  not  impossible  that  they  might  have 
been  accidentally  drapped  into  the  packet  by  Mr.  Reid  himself.  The 
latter  is  quite  sure  they  are  poppy-seeds,  but,  under  the  circumstances, 
it  might  have  been  as  well  had  he  got  some  botanist  to  confiim  the 
determination.  So  much  then  for  Mr.  Reid's  first  objection.  Now 
for  his  second.  I  am  afraid  that  bis  inference  from  the  fresh 
appearance  of  the  organic  remains  does  not  go  for  much.  Mr. 
Bennie,  whose  greater  experience  gives  weight  to  his  opinion,  says 
that  the  remains  are  no  fresher  than  might  have  been  expected. 
Mr.  Reid,  having  apparently  made  up  his  mind  that  Scottish 
inter-Glacial  beds  should  not  contain  a  temperate  flora,  seems  to 
think  that  this  preconceived  notion  of  his  should  be  accepted  as 
an  argument  against  the  inter-Glacial  age  of  the  Cowden  Glen  beds, 
in  which  the  relics  of  such  a  flora  were  certainly  found.  He  must 
excuse  me  if  I  decline  to  accept  his  dictum  as  to  what  the  organic 
contents  of  an  inter-Glacial  bed  should  be.  Upon  the  whole,  I  think 
I  am  justified  in  putting  more  trust  in  the  evidence  of  my  own  eyes, 
and  in  the  corroborative  testimony  of  my  former  colleagues  on  the 
Geological  Survey  and  others,  than  in  his  not  very  remarkable  dis- 
covery of  two  supposed  poppy-seeds  in  a  collection  of  washed 
materials  which  had  been  lying  past  for  twenty  years  before  it  came 
into  his  hands. 

2.  RaiUs  Quarry. — Here  Mr.  Reid  has  suoceeded  Itv  fL\id\tk%  \)^ 
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mare's  nest.  He  says  that  he  saw  do  Boulder-clay  resting  upon  the 
Arctic-plant  beds.  I  nhould  have  been  surprised  if  he  had.  If, 
before  venturing  on  his  criticism,  he  had  troubled  to  read  my 
reference  to  these  beds  (**  Great  Ice  Age/*  p.  303)  he  would  have 
found  that  I  described  them,  along  with  the  Corstorphine  Arctic- 
plant  beds,  as  occupying  hollows  in  the  surface  of  the  Upper  Boulder- 
olay.  They  are  clearly  younger  than  any  Boulder-clay  in  the  Scottish 
Lowlands.  The  inter- Glacial  beds,  formerly  so  well  exposed  under- 
neath the  Upper  Boulder-clay  in  the  quarry  at  Hailes,  and  described 
by  me  in  **  Prehistoric  Europe,"  p.  256,  are  no  longer  viwble.  If 
Mr.  Reid  had  asked  Mr.  Bennie  he  would  have  escaped  falling  into 
error,  and  would  have  learned  that  the  inter-Glacial  peat  described 
by  me  and  the  Arctic-plant  beds  discovered  by  Mr.  Bennie  occurred 
on  two  separate  and  distinct  horizons.  I  may  add  that  no  material 
obtained  from  the  Hailes  inter-Glacial  beds  has  ever  passed  into  Mr. 
Beid's  hands. 

3.  Redhall  Quarry, — This  section  was  described  and  figured  by 
Mr.  John  Henderson  twenty  years  ago  (Trans.  Edin.  Get)l.  S<>c, 
vol.  ii,  p.  391).  Mr.  Henderson  is  a  very  careful  and  experienced 
observer,  and  knows  the  geology  of  the  district  well,  and  I  have 
been  content  to  rely  upon  his  evidence.  But  I  may  menti(iti  that 
many  other  members  of  the  Edinburgh  Geological  Society  visite^i  the 
quarry  when  it  was  first  opened,  and  no  one  ever  doubted  that  the 
glacial  deposits  occupied  their  original  position.  I  did  not  myself 
see  the  section  until  long  afterwards,  by  which  time  it  had  be(X)iue 
more  or  less  obscured,  but  nothing  observed  by  me  tended  to  throw 
any  doubt  upon  the  accuracy  of  Mr.  Henderson's  description.  The 
situation  of  the  quarry  was  familiar  to  me  before  the  ground  had 
been  broken  into  for  quarrying  purposes.  It  was  a  slight  depression 
lying  between  gentle  slopes,  from  which  no  slips  or  slides  of 
Boulder-clay  could  posnibly  have  taken  place.  Mr.  Henderson 
confirms  my  recollection  of  the  facts,  and  informs  me  that  at  the 
time  the  quarry  was  opened  undisturbed  Boulder-clay  extended 
continuously  over  the  whole  area.  It  was  only  when  this  Boulder- 
clay  had  been  dug  through  that  the  inter-Glacial  peat  was  disclosed. 
If  it  were  the  case  that  the  plants  recorded  by  Mr.  Heid  as  having 
come  from  this  place  and  Cowilen  Glen  could  not  possibly  have 
lived  in  Scotland  during  inter-Glacial  times,  I  should  be  compelled 
to  come  to  one  of  two  conclusions — either  (a)  that  Mr.  Reid's 
unconfirmed  botanical  determinations  are  not  necessarily  infallible, 
or  (h)  that  he  has  inadvertently  mixed  his  samples  or  confused  his 
localities,  or  both. 

I  have  not  noticed  all  Mr.  Reid*s  statements  and  expressions  of 
opinion  which  lay  themselves  open  to  animadversion,  but  have 
probably  said  enough  to  show  that  his  attempt  to  discredit  observa- 
tions made  by  myself  and  others  has  not  been  quite  successful. 

Edixiivroh,  3rrf  J/ifiy,  1895.  JaMES   Guikie. 
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JAMES    DWIGHT    DANA. 

BoBN  Febbvabt  12th,  1813.  Dibd  April  14th,  1895. 

The  annouocetnent  of  the  death  of  this  eminent  geologiHt  and 
zoologist  will  be  received  with  deep  regret  by  the  readers  of  the 
Gbological  Magazine.  Dana  was  born  at  Utica,  New  York,  and 
entered  Yale  College,  graduating  in  1833.  On  leaving  Yale,  he 
entered  the  service  of  the  United  States  Navy  as  teacher  of 
mathematics  to  midshipmen.  In  this  capacity  he  visited  on  board 
the  •*  Delaware"  and  the  **  United  States  "  a  number  of  the  seaporta 
of  Franoe,  Italy,  Greece,  and  Turkey^  the  cruise  lasting  fifteen 
months. 

In  1836  he  became  assistant  to  Prof.  Benjamin  Silliman,  the 
mineralogists  In  1837  he  published  his  "  System  of  Mineralogy," 
a  work  which  obtained  a  worldwide  reputation,  and  which  ran 
throagh  numerous  editions,  of  which  the  last  was  issued  in  1892. 
Dana  was  next  appointed  Geologist  to  the  Wilkes  Exploring 
Expedition,  which  sailed  in  1838  and  returned  in  1842.  ''  llie 
expedition  consisted  of  five  ships,  the  route  puraued  being  briefly 
as  follows : — First  to  Madeira,  then  to  Rio  Janeiro,  down  the  coast 
and  through  the  Straits  of  Magellan,  after  passing  which,  while 
on  board  the  'Relief,*  he  nearly  suffered  shipwreck  off  Noir  Island, 
the  ship  remaining  for  three  days  and  nights  in  extreme  peril :  in 
the  same  storm  one  of  the  smaller  accompanying  vessels  was  lost. 
Then  to  Chili,  Peru,  and  across  to  the  Paumotus,  to  Tahiti,  and  the 
Navigator  Islands ;  then  to  New  South  Wales,  where  the  Naturalists 
remained  while  Commodore  Wilkes  went  into  the  Antarctic  ;  then 
to  New  Zealand,  the  Fiji  Islands,  where  two  of  the  officers  were 
murdered  by  the  natives;  to  the  Sandwich  Islands,  the  Kingsmill 
group,  the  Caroline  Islands,  and  thence  north  to  the  coast  of  Oregon. 
Here,  near  the  mouth  of  the  Columbia  river,  the  *  Peacock,*  the 
ship  to  which  Dana  had  been  assigned,  was  wrecked,  entailing 
the  loss  of  all  his  personal  effects,  as  well  as  many  of  his  collections. 
He  was,  then,  one  of  the  party  that  crossed  the  mountains  near 
Mount  Shasta,  and  made  their  way  down  the  Sacramento  River  to 
San  Francisco.  In  his  report  of  the  expedition  he  states  that  the 
geological  features  indicated  the  probable  presence  of  gold.  This 
was  six  years  before  the  discovery  of  gold  in  California,  and  rich 
mines  have  since  been  discovered  in  the  region  over  which  the  party 
went.  At  San  Francisco  they  were  taken  on  board  the  'Vincennes,* 
and  the  homeward  voyage  was  made  by  way  of  the  Sandwich 
Islands,  Singapore,  the  Cape  of  Good  Hope,  and  St.  Helena, 
arriving  in  New  York  in  June,  1842.**  As  a  result  of  his  con- 
nection with  the  expedition  he  published  the  Reports  on  Geology, 
Crustacea,  and  Zoophyta,  and  spent  in  all  thirteen  years  editing 
and  superintending  the  printed  reports  resulting  from  these  voyages. 
In  1855  he  succeeded  to  the  Chair  of  Mineralogy  at  Yale,  a  position 
he  held  till  1894,  when  he  resigned.  His  '< Manual  of  Geology** 
appeared  in  1863,  a  fourth  edition  having  been  issued  only  thla 
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year.  He  was  part  editor  of  the  American  Journal  of  Scienoe  from 
1846.  and  continued  his  interest  in  it  up  to  the  last 

Dana  received  the  Copley  Medal  from  the  Royal  Society  in  1877, 
and  the  Wollaston  Medal  from  the  Geological  Society  in  1872 ;  he 
was  a  member  of  the  Academy  of  Sciences,  Paris,  and  of  t)ie 
Academies  of  Berlin  and  Munich,  and  was  elected  a  Foreign  Member 
of  the  Royal  Society  in  1884  and  of  the  Geological  Society  in  1851. 

His  publications  amount  to  nearly  400  in  number,  and  when  one 
considers  that  these  include  such  colossal  works  as  his*' Mineralogy*' 
and  his  "  Manual "  and  **  Text- Book  of  Geology,"  one  is  astonished 
at  Prof.  Dana's  wonderful  power  of  work,  and  are  not  surprised 
to  learn  that  his  health  broke  down  upon  several  occasions  owing 
to  his  excessive  mental  labours.  It  is  wonderful  and  touching  to 
read  of  Prof.  Dana  working  on  at  the  new  edition  of  his  "  Manual 
of  Geology  "  at  the  age  of  eighty-two,  and  being  actively  assisted 
in  all  his  literary  labours  by  his  life-long  companion  with  never* 
failing  and  watchful  care  to  the  end. 

It  is  impossible  to  do  justice  to  this  distinguished  man  and  personal 
friend  in  so  short  a  notice,  but  we  feel  that,  with  our  American 
brethren,  we  have  also  lost  one  of  the  greatest  figures  m  geology  uf 
our  time. 

THE    MARQUIS    OF    SAPORTA. 

Born  1823.  Bibd  Jakuabt  26tb,  1895. 

By  the  death  of  the  Marquis  of  Saporta  the  sciences  of  Geolop:y 
and  Botatiy  have  suffered  a  severe  loss.  A  wide  botanical  know- 
ledge, combined  with  a  vigorous  enthusiasm  and  an  untiring  energy, 
enabled  Saporta  to  add  a  rich  store  of  facts  to  palaeontological 
literature.  Born  at  Saint- Zacharie  (Var)  in  1823,  he  spent  some 
time  in  a  Jesuit  college  at  Fribourg,  and  in  1861,  in  conjunction  with 
M.  Matheron,  published  his  first  paper  on  a  paleeobotanical  subject.^ 
From  that  date  up  t^  the  time  of  his  death,  Saporta  devoted  himself 
as  a  keen  student  to  the  problems  ot  his  chosen  science. 

His  earlier  works  dealt  especially  with  the  Tertiary  vegetation 
of  the  South-east  of  France ;  the  floras  of  Aix,  Manosque,  Sezanne, 
and  other  localities  have  formed  the  subjects  of  elaborate  mono- 
graphs, in  which  he  has  not  merely  recorded  lists  of  fossil  species, 
but  has  dealt  with  the  facts  from  a  broad  and  philosophic  standpoint. 
Between  the  years  1872-91  there  appeared  the  splendid  series  of 
volumes  on  the  Jurassic  Flora  of  France;  this  comprehensive  work, 
with  its  numerous  illustrations  and  exhaustive  text,  forms  an 
indispensable  handbook  to  students  of  Mesozoic  Botany.  Saporta's 
most  recent  work,  on  Upper  Jurassic  and  Lower  Cretaceous  Plants, 
appeared  a  few  months  before  his  death  ^;  it  contains  a  detailed 
geological  and  botanical  analysis  of  an  exceedingly  interesting  fiora, 
and  supplies  fresh  facts  of  considerable  importance  towards  a  more 
complete  knowledge  of  the  early  history  of  dicotyledonous  plants. 

*  Examen  aDal3rtiqi]e  des  flores  tertiaires  de  Provence. 

'  Flore  fossile  du  Portugal  (Direction  des  travaux  g^ologiques  du  Portugal}, 
JJsboD,  1894. 
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In  addition  to  his  nnmeroas  papers  on  pal»obotany,  Saporta  haa 
left  auoh  works  as  "Le  monde  des  plantea  avant  Tapparition  de 
rhomme/'  ^  ''  Origine  paleoDtologtqne  des  arbres  cnltives  ou  utilises 
par  rhomme,"*  and,  in  oolUboration  with  Professor  Mariun, 
"  L'evolution  da  r^gne  v6g6tal " ' :  these  form  fitting  memorials  of 
his  wide  knowledge  as  a  palsdobotanist,  and  of  his  zealous  advocacy 
of  the  importance  of  fossil  forms  to  the  student  of  plant  evolution. 
By  some  readers  Saporta  is  perhaps  best  known  as  the  too  eager 
upholder  of  the  claims  of  oertoin  structureless  casts  and  impressions 
to  be  included  among  fossil  algsa.  llie  valuable  contributions  to 
this  subject  by  Nathorst  have  clearly  shown  how  little  weight  must 
be  attached  to  any  speculations  as  to  the  development  of  plant 
life  based  on  Saporta's  '^Algues  fossiles"*  or  his  ''Organismes 
probl6matiques."  ' 

As  a  contributor  to  Tertiary  and  Mesozoic  Botany,  Saporta's  name 
will  always  be  associated  with  that  of  Heer  and  Ettingshausen ;  and 
the  younger  generation  of  workers  in  this  branch  of  palasontology 
may  well  look  upon  him  as  a  worthy  pupil  of  Adolphe  Brongniart, 
whose  philosophic  spirit  and  scientific  handling  of  facts  are  reflected 
in  the  writings  of  his  younger  countryman.  The  writer  of  a  recent 
obituary  notice  in  a  French  scientific  jouiiial  has  thus  happily 
expressed  Saporta*s  unfailing  industry:  **'A  des  trnvaux  con- 
siderables BU0c6daient  des  entreprises  plus  considerables  encore,  et 
Ton  oubliait  Tage  en  voyant  Toeuvre  s*augmenter  et  les  horizons 
8*etendre  toujours.*'  A.  C.  S. 

THE    REV.    NORMAN    GLASS. 

Born  Dbcbmbbr  4th,  1832.  Died  Bbcbmbbr  2nd,  1893. 

The  death  of  the  Rev.  Norman  Glass  on  the  2nd  December,  1893, 
at  his  residence,  26,  Lower  King  Street,  Blackpool,  has.  we  regret 
to  say,  hitherto  escaped  the  attention  of  geologists.  From  local 
sources  we  learn  that  Mr.  Glass  was  educated  at  the  Western 
Congregational  College,  Plymouth,  where,  after  distinguishing 
himself  in  logic  and  rhetoric,  he  entered  upon  a  ministerial  career, 
holding,  in  rotation,  pastorates  at  Cardiff,  London,  Basingstoke, 
Both  well,  Wolverhampton,  and  Bilston.  Soon  after  obtaining  his 
last  appointment  he  was  obliged  to  retire  from  the  ministry  on 
account  of  failing  health.  He  then  removed  to  Manchester,  and  foe 
a  time  occupied  the  post  of  Curator  at  the  Queen's  Park  Museum. 

From  an  early  period  Mr.  Glass  was  keenly  devoted  to  geology, 
and  appears  to  have  been  on  friendly  terms  with  both  Murcbison 
and  Owen,  the  former  recognizing  him  as  tbe  discoverer  of  a 
patch  of  Silurian  rocks  (Wenlock  Limestone)  rising  up  through 
the  Old  Bed  Sandstone  at  Pen-y-lan,  near  Cardiff.  He  was  also 
fortunate  in  finding  in  the  Upper  Chalk  of  Charlton,  Kent,  a  new 

»  Paris,  1879. 

*  Paris,  1888. 

»  Paris,  1881-1886  (3  vols.) 

'  !A  propos  des  algues  fossilos,  1882. 

*  Les  organismes  problcmatiques  dc8  anciennes  mers,  1884. 
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genns  of  ecliinoid,  whiob  the  late  Dr.  S.  P.  Woodward  described  and 
figured  under  the  name  of  Echtnothuria  florii  ('*  Geolog^Mt,"  1863i 
pi.  xviii.  fig.  B,  pp.  827-330).  But  it  was  in  his  association  with  the 
late  Dr.  Thomas  Davidson  that  Mr.  Glass  will  be  more  particularly 
remembered  by  paleeontologists.  He  had  devised  a  method  wbere1>y 
the  delicate  calcareous  internal  structures  of  many  of  the  Palieozoio 
Brachiopod  shells  could  be  exposed  for  examination,  and  although 
this  was  effected  by  a  somewhat  simple  process  through  the  agency 
of  a  knife,  hydrochloric  acid,  and  running  water,  it  required  the 
greatest  patience,  and  no  small  amount  of  skill,  before  satisfactory 
results  could  be  attained,  lliese  investigations  naturally  led  to 
most  important  discoveries,  and  required  Davidson  to  amend  much 
of  his  earlier  work.  In  the  following  terms  Davidson  thus  alludes 
to  the  valuable  assistance  rendered  him  by  Mr.  Glass :  *'  Prominent 
in  this  difficult  study  [the  spiral-bearing  Brachiopoda]  has  been 
the  Rev.  Norman  Glass,  to  whose  indefatigable  perseverance  and 
consummate  skill  I  am  indebted  for  the  possibility  of  laying  before 
my  readers  a  large  amount  of  positive  and  most  valuable  information. 
I  can  find  no  words  sufficiently  expressive  to  convey  the  gratitude 
I  feel  towards  him  for  the  unrelaxing  energy  he  has  displayed 
during  upwards  of  three  years  in  this  difficult  kind  of  investigation  " 
[quotation  from  Davidson's  Monograph].  Some  forms  of  spiral- 
bearing  Brachiopods  had  previously  been  subjected  to  development 
by  Young  and  Neilson  of  Glasgow,  Zugmayer  of  Vienna,  and 
"Whitfield  of  America,  but  the  success  attained  by  Mr.  Glass  seems 
to  have  eclipsed  that  of  all  others  in  this  special  branch  of 
palseontological  work.  His  specimens  were  generously  presented 
to  Dr.  Davidson,  who  elabomtely  figured  and  described  them  in  his 
great  monograph  on  the  "British  Fossil  Brachiopoda,"  published  hy 
the  Pal  aeon  tographical  Society  between  1880  and  1884,  subsequently 
bequeathing  them  to  the  British  Museum,  where  they  are  now 
exhibited  among  the  type  specimens  of  the  "Davidson  Collection." 

As  a  further  proof  of  his  appreciation  of  these  signal  services  to 
his  subject,  Davidson  founded  the  generic  name  of  Glassia  to  include 
such  forms  as  Atrypa  ohovata,  J.  de  C.  Sowerby,  the  spiral  structure 
of  which,  after  exposure  by  Mr.  Glass,  was  proved  to  be  essentially 
different  from  that  of  any  previously  known  genus. 

In  1882  the  Council  of  the  Geological  Society  of  London  awarded 
him  a  moiety  of  the  "Lyell  Donation  Fund"  for  "valuable  aid  and 
services  rendered  in  elucidating  the  history  and  internal  structure  of 
the  British  and  foreign  Brachiopoda."  Mr.  Glass  has  contributed 
the  following  papers  to  geological  science : — 

(1)  Silurian  Strata  near  Cardiff.     Oeologist,  1861,  vol.  iv,  p.  168. 

(2)  On  the  DeTelopment  of  the  Spirals  and  their  Connections   in  the  Pal:iK>7oic 

Brachiopoda,  in  Davidson's  **  Monojjfraph  of  British  Fossil  Brachiopoda/* 
PaitPonfoffrapkical  Socirtt/j  1882,  vol.  v,  pp.  86-91. 

(3)  On  a  now  fomi  of  Spiral  in  Spirifera  glabra,     Geolooical  Magazine,  189<?. 

pp.  461-463. 

(4)  On  Athyris  Icrriusrula,  Sow.,  sp.,  with  the  full  disclosure  of  its  loop,  etc.    /Ai./. 

1891,  pp.  495-498. 
{o)  The  Rocks  on  the  Blackpool  Coast.     Blackpool  Titnet  (undated). 
(6)  Tho  Local  Geology  of  Blackpool.    Ibid,  1893.  K.  B.  N. 
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I. — NOTK   ON   TH«   ReCONSTBUCTION    OP    IgUANODON   IN    THE    BRITISH 

Museum  (Natural  History),  Cromwell  Koad. 
By  Hbnbt  Woodwakd,  LL.D.,  F.R.S.,  Pres.G.S. 

(PLATE  X.) 

BY  the  kind  asBistance  of  Monsieur  E.  Dupont,  the  Director  of 
the  Royal  Mnseum  of  Natural  History  in  Brussels,  a  coloured 
reproduction  of  the  entire  skeleton  of  Ljunnodon  BerniitsartmBts  has 
lately  been  acquired  for  the  British  Museum  (Natural  History),  and 
may  now  be  seen  admirably  set  up  in  the  Reptile  Gallery  of  the 
Geological  Department 

Remains  of  Iguanodon  had  long  been  known  from  deposits  of 
Wealden  age  in  this  country,  the  first  notice  being  that  by  Dr.  G.  A. 
Hantell  in  1825  (see  Phil.  Trans.,  p.  184).  All  the  English  accouuts 
were  founded  upon  teeth  and  detached  bones  of  various  individuals, 
mostly  from  Hastings,  Sussex,  from  Maidstone,  Kent,  and  from  the 
Isle  of  Wight;  but  no  complete  specimen  was  ever  obtained  in 
this  country.  Many  species  have  been  established  upon  these  very 
imperfect  remains,  but  originally  they  were  all  referred  to  a  single 
upecies,  for  which  the  names  I.  anglicum,  F.  Holl  (1829),  and 
J.  ManUUi,^  H.  von  Meyer  (1832),  were  proposed.  I'he  latter, 
having  been  defined  by  Owen  in  1851,  is  the  species  generally 
recognized  in  this  country. 

How  imperfect  was  our  acquaintance  with  the  entire  animal  may 
be  seen  from  the  restoration  set  up  about  forty  yeara  ago  by 
Waterhouse  ELawkins  (after  Owen's  suggestions)  in  the  grounds  of 
the  Crystal  Palace,  Sydenham.  At  length  our  knowledge  of  this 
very  remarkable  reptile  was  destined  to  be  perfected  by  the 
discovery,  in  1878,  of  no  fewer  than  twenty-three  more  or  less 
oomplete  skeletons  of  Igtianodon  at  Bemissart  in  Belgium,  where 
heretofore  no  Wealden  strata  had  been  known  to  exist. 

At  this  village,  between  Mons  and  Toumay,  near  the  French 
frontier,  coal-mining  had  been  carried  on  for  years  by  M.  Fages, 
Director-General  of  the  Society  of  Bemissart.  A  trial  gallery,  made 
in  order  to  discover  the  continuation  of  a  missing  seam  of  coal,  led 
to  the  finding  of  an  ancient  river-gorge,  excavated  by  a  stream  in 

^  For  as  account  and  restored  fifure  of  MantelPs  Iffuanodon  see  Gbol.  Mao. 
1886,  Dee.  lU,  Vol.  II,  pp.  10-16,  PI.  I,  by  H.  Woodward. 
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the  Jurassio  period  through  several  hundred  feet  of  Coal-measures, 
but  since  filled  up  and  all  traoe  of  its  existence  obliteraieil  on  the 
Burfaoe.     On  the  discovery  of  the  fossils  M.  Oustave  Amould,  the 

Erinoipal  engineer  of  the  coal-pit,  immediately  informed  M.  Dupont, 
Mrector  of  the  Brussels  Museum,  who  at  once  sent  M.  Depauw, 
the  Chief  Superintendent  of  the  Modellers'  Department,  to  under- 
take the  extraction  of  the  bones,  which  were  numerous  and  of 
gigantic  size. 

They  are  preserved  in  a  blackish  clay,  which  filled  the  valley 
to  a  great  extent,  and  was  no  doubt  of  fluviatile  origin.  Tlie 
associated  fossil-remains  tell  us  of  an  old  land-surface  covered  with 
cycads,  arborescent  ferns,  and  other  semi-tropical  plants  of  the 
Wealden  period. 

The  river  must  have  been  well  stocked  with  fishes,  especially  those 
of  the  genus  Lepidotu$,  having  thick  enamelled  scales,  reminding 
one  of  the  American  bony  pike,  but  with  a  very  different  form  of 
head,  and  with  rounded  crushing  palatal  teeth.  The  banks  of  the 
stream  formed  the  home  of  lizards,  crocodiles,  water-tortoises, 
and  the  huge  Iguanodon.  Thick  vegetation  of  ferns  and  giant 
Eqnisetacesd  clothed  the  margins  of  the  river,  and  we  can  easily 
realize  that  in  times  of  flood,  which  were  not  infrequent,  the 
Iguanodon — and  the  plants  they  fed  upon — together  with  crocodiles, 
water- tortoiees,  and  the  fishes  of  the  stream,  were  all  entorabe<l  in 
one  common  grave  and  covered  up  by  deposits  of  fine  mud  left 
behind  by  the  river-flood.  Evidence  of  no  fewer  than  four  of 
these  freshets  was  observed  by  M.  Dupont  in  the  course  of  these 
explorations.* 

The  exhumation  and  removal  from  the  mine  of  these  ponderous 
remains  occupied  two  years.  The  subsequent  development  and 
setting  up  of  the  five  individuals  exhibited  in  the  Brussels  Museum 
was  a  far  longer  and  still  more  critical  labour.  The  work  of 
description,  commenced  in  1881  by  Mr.  G.  A.  Bou longer,  was 
continued  by  M.  L.  Dollo,  in  great  detail,  with  admirable  figures 
(see  Bull  Mus.  Boy.  Hist.  Nat  Beige  1881-82). 

Although  three  entire  wall-cases  and  two  table-cases  are  devoted 
to  the  exhibition  in  the  British  Museum  (Natural  History)  of  the 
remains  of  the  Iguanodon  from  British  localities,  they  nevertheless 
fail  to  impress  one  with  the  same  degree  of  interest  which  is  felt  in 
the  presence  of  the  huge  skeleton  which  now  forms  so  conspicuous 
an  object  in  the  central  floor-space  of  the  Reptile  Gallery. 

The  specimen  set  up  is  a  coloured  reproduction  by  M.  Depauw  of 
one  of  the  five  entire  skeletons  exhibited  in  the  Royal  Museum  of 
Natural  History  in  Brussels,  which  he  has  worked  out  and  recon- 
structed with  such  consummate  skill.  The  skeleton  measures 
16  feet  in  height,  and  30  feet  from  the  head  to  the  extremity  of  the 
tail.  It  is  set  up  in  the  position  in  which  it  is  believed  the  animal 
commonly  walked. 

The  Iguanodon  was  a  vegetable- feeding  reptile,  and  its  cheek- 
teeth, which  exceed  80  in  number,  were  well  adapted  for  chewing 
*  Bull.  Acad.  Eoy.  de  Belgique,  2nd  Serie,  Tome  46,  1878,  pp.  387-408. 
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mandible   >h«  I>i:i'>  . 

The  fore-limbs  are  sb:>rt«r  ti>aD  ;L«  Liad  one*.  tL«  former  bt 
lix  feet  in  len^rth  mm]  tb«;  U::er  oioe  f-r^t  I'^nj;,  T[>«  L«iid*  had  t 
five  <!i)^Ia  with  nailii,  tlie  ilatLb*  it^inx  hra^':^  wi:L  *:rong.  kU 
pointed.  coDJcal  Bpun.  They  ai-;f»«r  Vj  hAT>;  b^en  hat  ill-aijap:e4 
progressioD  on  tho  grrjan-l,  Thoa;^  'iiabileM  when  hrowtiajT 
lowly  herbaOMiiii  pl«n'^  Tlie  I^iuiii'j'l'>a  aMDOt^d  tlie  •am«  qua> 
pedal  attitude  as  doea  lh«  livioj^  kiiii^aivj- 

The  hind-limbu  were  Urg«  ana  prw-rfni.  and  lia^]  thre«  toe' 
each  foot,  with  the  aame  number  of  phal«&^en  &s  in  a  biriJ'g  t 
namely,  three  to  the  inner  toe.  foqr  lo  the'  nii'i'ile  t'je,  and  fiv< 
the  outer  toe.  The  three  meiatariial  l>'iti«ti  remain  i^jiarale 
distiuct  as  in  the  toot  of  a  Toan;r  raiite  bir'l,  D/I  aiichylosed  lo|^' 
as  in  atlult  modem  birds.  The  bones  of  the  [pelvis  lilium.  iochi 
and  pnbis)  reaemble  in  many  reapecta  ihtiMi  of  a  krge  running  I 
aiich  as  the  emen. 

The  ponderous  tAil,  as  well  a«  the  nenml  spines  of  the  do 
Tertebrw,  were  strengtliened  and  knit  together  by  numerous  s 
txtny  fibres,  no  doubt  giving  great  ad<liliotml  supjxirt  to  the  ani 
when  standing  in  an  erect  position ;  the  length  of  these  spii 
prooeasea  also  must  have  given  the  tail  great  depth,  and  sugf: 
tiiat  probably  tho  JijHanodon  was  a  gool  swimmer,  using  its  tai 
a  rigid,  powerfnl,  oar-like  pro|>eller  by  moving  it  from  side  to  i 

Kumeroua  three-toed  footprints  of  the  Iguanodoa  were  discov 
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b;  Dr.  Mantel),  Mr.  S.  H.  B&okles  and  otberi,  preserved  on  the 
■urfnoea  of  the  elaba  of  Hastings  sanilatone.  These  always  show 
a  aiiigle  bipedal  traok,  and  nmy  tlierefore  be  oonsidered  as  good 
evidence  that  the  Jguanodon  ordinarily  walked  in  nn  erect  position. 

Several  of  these  footprints  may  ha  Been  exhibited  in  the  wall-case 
on  Uie  east  side  of  Gallery  No.  xi. 


FiQ.  2. 

{a),   Out«r  vieiT ;    (b),   profile   of  tooth   of  IiuanoiloH  (aatural  eize),   Wealden, 
late  of  Wight, 

In  Wnll-cases  4a  and  6,  and  in  Table-caHs  Nob.  6  and  9,  may 
be  deen  many  examples  of  portions  of  the  maxillse  and  mandibular 
rami  with  the  worn  and  unworn  teeth  oi  Tguanodon  in  gitn.  ahuwing 
their  curious  curved  and  leaf-shaped  pattern,  with  the  edges 
elegantly  serrated  in  a  manner  peculiar  to  the  vegetable- fee  ding 
dinosaurs. 

In  a  separate  case  placed  in  the  centre  of  (he  floor  near  the 
ekelelon,  is  exhibited  a  restored  reproduction  of  the  skull,  of  which 
we  give  a  figure  showing  the  remarkable  length  of  the  row  of 
oheek-teeth,  reminding  one,  superficially,  of  the  jaw  of  the  horee, 
but  the  mode  of  suspension  of  the  mandible  by  the  large  quadrate 
bone  is  unlike  that  seen  in  the  mammalia.  The  great  horse-shoe 
shaped  predentary  bone  can  also  be  clearly  seen  in  this  specimen. 


II, — Oh  the   Uodb   or   Ooodbbehge  of  Gozooh  Ganadeksk  at 

C6tk  St.  Pibbbk. 

By  ProfeMor  T.  O.  Bos-iBr,  D.Sc.,  LL.D.,  F.R.S.,  etc. 

THE  question  of  the  origin  of  Eozoon  Ganadense  has  been  recently 
revived  in  an  important  and  most  interesting  pnper  on  a  similar 
structure  in  blocks  of  limestone  ejected  from  Yesuvius.'  The 
>  Eomonal  atnicture  af  the  ejected  blocle  of  Monte  Somma.  Bt  Prof.  H.  J. 
Johnston- Lavis,  M.D.,  and  J.  W.  Gregoiy,  D.Sc.  Trann.  Roy.  Dub).  8oc.,  aer.  ii, 
vol.  1,  p.  369.  Sir  J.  W.  Dniraon'g  views  are  vorv  fuUv  stated  in  two  sections  of  hil 
work  ■' Salient  point*  in  the  Science  of  the  Euth^' {'893).  [June  12.  This  paper 
was  flniahed  before  a  type-written  copy  of  his  paper,  printed  in  the  la«t  Number 
of  thin  Maoazins  (p.  271),  reached  me.  To  this  I  could  not  refer,  becauae  I  did 
«ot  laow  where,  or  id  what  form,  it  would  be  published, — T.  G.  B.} 
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writers,  however,  of  tliat  pnper  evidently  fonnd  that  more  iDforma- 
tion  existed  ai  to  the  mioroacopic  stiiioture  of  the  Canadinn  Euzoon 
than  as  to  its  mode  of  oocurrenoe.  bo  that  a  few  notes  on  this  subject 
may  bs  of  some  tise  as  a  contributioa  to  the  diacuMion.  I  visited 
one  of  the  most  noted  looalitiea  for  E^zooo— Cdte  St  Pierre — ia 
1884,  when  I  bad  the  inestimable  advantage  of  being  conducted  by 
Sir  J.  W.  Dawson,  to  whose  unwearied  kindness  and  hospitality 
I  was  BO  ofteu  indebted  during  my  stay  in  Canada.  I  made  carelul 
notes  and  rough  sketches  of  what  I  saw,  collected  a  fair  suite  of 
ipecimens,  and  paid  especial  attention  to  the  relation  of  the  atructtire 
to  other  parts  of  the  rock-masses.  Upon  the  question  of  the  origin 
of  Eozoon  I  do  not  purpose  to  enter:  I  shall  restrict  myself  to 
stating  facta  of  which,  as  it  seems  to  me,  ooconnt  must  be  taken  iu  all 
attempts  to  interpret  this  extraordinary  structure. 

Cote  St.  Pierre  is  a  scattered  settlement— one  can  hardly  call  ib 
a  hamlet — as  far  as  I  remember,  about  twelve  miles  from  Pspineau- 
vilte,  on  the  railway  between  Uoutreal  and  Ottawa.  At  the  station  a 
■hallow  cutting  exhibits  an  interesting  section'  of  Laurentian  rocks — ■ 
marble,  calo-mica  schist,  and  bio  tite- horn  blende  schist,  with  a  vein  of 
pegmatite— all  coarsely  cryBtalline.  between  two  masses  of  gneiss,  the 
higher  of  which  is  finer  in  grain  than  the  lower.  The  road  to  Cote 
St.  Pierre  traverses  an  undulating  or  slightly  hilly  district,  consisting 
of  gneisses  belonging  to  the  tipper  group,  whiuli  are  often  masked 
by  a  thin  coverint^  of  sands  and  clays  (Pleistocene).  There  are  still 
very  considerable  tracts  of  uncleared  forest.  The  crystalline  rock, 
in  general  character  (I  did  not  attempt  a  minute  study),  was  a 
ilislinclly  foliated,  moderately  fine-grained  reddish  gneiss.  This,  at 
the  time  reminded  me  of  some  from  the  Central  Highlands  of 
Scotland,  which  I  had  recently  examined  for  Dr.  Uicks.  and  to 
which  he  sBMigncd  a  fairly  low  plnoe  in  bis  succession.^  The  rock 
is  moderately  schistose,  but  in  general  is  strong  and  not  friable. 

We  kept  along  the  upper  series  of  gneisses,  as  I  was  informe<l,  tilt 
We  arrived  at  Cote  St.  Pierre.  The  cottages  are  scattered  about 
a  rather  open  and  shallow  valley,  perhaps  a  quarter  of  a  mite  wide  ; 
the  bed,  except  where  there  is  a  large  poo],  being  nowhere  quite 
flat.  On  tlie  western,  or  right,  bank  is  a  forest-claJ  flattish  ridge, 
formed  by  the  loiver  group  of  gneisses;  on  the  eastern  a  similar 
ridge,  consisting  of  the  upper  group.  The  limestone,  according  to 
Sir  J.  VV.  Dawson,  occupies  the  whole  of  the  valley,  and  its  thicknexa 
was  estimated  by  Sir  W.  Logan  as  about  500  feel.'  We  spent  some 
hours  in  examining  sundry  outcrops  of  the  crystalline  limestone  (all, 
I  believe,  which  are  of  importance),  traced  the  lower  gneiss  for  some 
distance  downwards,  and  just  glanced  at  the  upper  gneiss.  My 
description  will  be,  I  hope,  more  intelligible  if  I  follow  the  apparent 
■t  rati  graphical  order  and  not  that  iu  which  the  notes  were  made. 

The  lowest  rock  visited  was  a  rather  dark,  somewhat  streaky, 

'  Described   briefly  in  PreaidentiiU   Address  to  the   Geological    Society,    IfHS, 
wl,  till  Proc,  p.  ii. 
'  Quart.  Joom.  Geo!.  Soc.  (1883),  toI.  mi\,  p.  159. 
*  ~"  '    '  -  j[  g^y  Ijg  much  more.     He  givee  it  in  places  1500  feet. 
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biotite  or  biotite-homblende  gneisfl,  moderately  fine-grained,  over 
which  oomes  a  band  of  no  great  thiokness,  of  a  whitish  quartzose 
rock,  of  which  a  more  minute  description  will  be  given  below.  It 
is  one  of  the  so-called  Lanrentian  quartzites.  Above  this  oomes 
a  very  considerable  thickness  of  darkish  gneiss,  rather  variable  in 
character.  Sometimes  it  is  coarser,  sometimes  finer;  sometimes 
there  is  a  fair  proportion  of  quartz,  sometimes  little;  sometimes 
hornblende  dominates  over  the  biotite,  sometimes  the  rock  is 
distinctly  banded,  with  more  and  less  felspathic  layers.'  The 
highest  rock  seen  was  a  dark,  rather  micaceous  gneiss,  of  moderate- 
sized  grain. 

A  short  interval  of  covered  ground  separated  the  last-named  rock 
from  a  mass  of  nearly  pure  pyroxene  rook  consisting  of  a  coarsely 
cryHtalliue  greyish-buff  pyroxene'  with  some  interstitial  pale- 
re<ldish  garnet  and  light-coloured  mica  (associated),  a  little  calcite, 
etc.  In  this  rook  are  veins  of  an  asbestiform  mineral  which  has 
been  worked  for  "rock  cotton,"  and  above  this  comes  the  crystal- 
line limestone.  The  last  nowhere  affords  a  continuous  section,  but 
occurs  in  a  number  of  irregular  and  separate  outcrops  on  the  slope 
and  floor  of  the  valley.  As  the  exact  relation  of  these  is  not  easily 
determined,  it  will  be  better  to  deal  with  the  principal  masses. 

The  first  is  on  the  western  slope  of  the  valley,  in  immediate 
sequence  with  the  rocks  mentioned  above.  A  number  of  shallow 
pits  have  been  opened  in  a  wood,  and  the  limestone  can  be  traced 
down  to  the  road  leading  into  the  **  hamlet"  In  one  of  these  pits 
the  dip  was  about  70°  to  a  point  10°  or  16°  S.  of  E.  The  rook 
varies  considerably  in  character.  Sometimes  it  is  nearly  pure 
calcite  (or  dolomite),'  sometimes  it  contains  grains,  more  or  le8S 
abundantly,  of  pyroxene  or  serpentine,  which  occur  either  in  fairly 
marked  bands  or  merely  scattered.  Pyroxenite  (greyish)  or  serpen- 
tine (lightish-green)  occurs  locally  in  irregular  nodular  masses  or 
interrupted  layers,  like  chert  in  a  limestone.  Well-defined  Eozoon 
is  not  abundant ;  indeed,  regarding  the  mass  as  a  whole,  it  is  the 
exception  rather  than  the  rule.  This  structure  commonly  forms 
a  kind  of  band,  which  is  founded  upon  (if  the  phrase  be  permissihle) 
a  layer  of  gi*een  serpentine  (resembling  that  in  the  well-known 
Connemara  ophicalcite)  usually  not  exceeding  half  an  inch  in  thick- 
ness, under  which  comes  a  whitish  pyroxene,  but  sometimes  the 
one  mineral,  sometimes  the  other,  is  apparently  absent.  In  the 
neighbourhood  of  the  "foundation"  the  layers  of  calcite  and  serpentine 
in  the  £ozoon  are  often  slightly  thicker  and  less  regular  than  in  the 
outer  part.  The  whole  band  exhibiting  the  structure  generally 
varies  in  thickness  from  about  two  to  four  inches;  it  appears  to 
pass,  rather  rapidly,  but  not  always  with  a  sharp  boundary,  into  an 

*  One  of  my  specimens,  taken  as  a  sample  of  about  the  coarsest  type,  might  be 
called  a  quartz-diorite ;  hornblende  is  abundant  in  cr}'stal8  about  a  quarter  of  an 
inch  in  length. 

*  The  pjToxene  is  always  li^ht-coloured,  apparently  either  malacolite  or  a  closely 
•Hied  vanetv,  but  occasionally  it  might  be  tremolite  (i.e.  a  variety  of  hornblende). 

^  Some  o{  my  slices  show  that  a  little  dolomite  is  present,  but,  so  far  as  I  can  tell, 
calcite  is  the  dominant  mineral. 
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oHinarj  orystalline  limeBtone,  containinf^,  nsn&lly,  nnmerous  fcranulea 
of  Berpentine,  whioh  lometimeB  exhibit  a  very  diatitiot  bantihig  re- 
■embling  a  atratifioation.  Thus  the  structure  may  form  an  "aureole" 
round  a  nodular  mua  of  eerpentine  or  pyroxene,  but  it  may  also 
occur  npoQ  a  mere  band  or  irregular  seam  of  sarpentine.  In  tbe 
latter  case  tbe  atrnotDre  may  take  a  very  irregular  nurved  Bhape, 
but  whether  this  was  original  or  due  to  subaequent  beading  I  oould 
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Tb       ow  led  part  up  pc  top      ass        Dg 

2  (eet  3  lUihea  tonz.     Tbe  zodm  of      Eozooa      are  indicated  bj  the  bral 
vary  lines,  eeneralTj  surrounding  these  masMa,     The  leiaainder  of  the  rock  ii 
wtiite  crystiJline  timesluns,  spotted  with  granular  serpentine. 
Thia  figure   appeared  in  my  book  entitled  "The   Storj   of  our  Planet,"  and 
I  sni  indebted  to  the  liberality  of  the  publiihem  and  pruprielurs,  Messrs.  CasauU 
aod  Co.,  for  the  cliche  of  the  block  to  illuatrale  this  paper, 
nut  determine.     The  Btualler  maBBes,  aa  Sir  J.  W.  DawBon  has  more 
tbaa  once  pointed  out,  bear  a  general  reserablanoe  to  one  of  the 
Strom ntopui-idB.     A  thinnish  band  of  gneies  is  intercalated  in  tliis 
liraenlone,  which  crops  out  in  tbe  wood  near  tbe  road,  but,  as  it 
liappened.  1  did  not  see  iL 

The  next  tanas  occurs  in  the  bed  of  the  valley,  and  rather  further 
up  it,  on  a  farm  belonging  to  a  Mr.  Levine.  It  forma  a  small  rugged 
knoll,  which  Las  been  quarried.  Here  also  the  limestone  varies 
a  little  in  coarseness,  and  one  of  the  more  finely  crystalline  varieties 
contains  grains  of  a  nearly  bjauk  mineral,  which  will  be  noticed 
presently.  Euzoimal  structure  is  not  generally  well  developed  here, 
hut  occasionally  it  may  be  seen.  It  exhibits  the  same  relation  to 
pyroxene  and  serpentine,  the  same  noilular  habit,  and  the  same 
nssiiciation  with  calcile  containing  granules  of  these  minerals,  as  we 
have  already  described.  Now  and  then,  especially  in  tbe  part  where 
the  pyroxene  was   moat  abundant,  a  little  white  mica  occurred. 
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Bometimes  in  plates  as  muoh  as  half  an  inch  in  diameter,  and  in  one 
place  the  Eozoon  was  out  by  a  vein  of  about  the  same  width  filled 
with  this  mineral.  In  anotlier  case  a  micaceous  baud  lay  parallel 
with  the  surface  of  the  Eozoon,  separated  fi-om  it  by  a  zone  of 
irregulaily  mixed  calcite  and  serpentme  (rather  decomposed),  about 
an  inch  in  thickness.  The  pyroxene,  in  one  part  of  the  knoll,  formed 
a  mass,  and  contained  an  aoicular  tremolite,  probably  occurring  as 
a  vein  (but  this  was  not  quite  clear) ;  and  on  the  more  northern  flauk 
was  a  rather  coarsely  crystalline  rock,  chiefly  consisting  of  felspar ; 
this  probably  w'as  a  vein-product,  and  may  be  connected  with  an 
int  ercalatio  n  o  f  gneiss.  * 

The  general  strike  of  the  apparent  bedding  suggests  that  this 
second  mass  is  considerably  higher  in  the  group  than  the  former 
one,  but  Sir  J.  W.  Dawson  expressed  the  opinion  that  the  two  were 
approximately  on  the  same  horizon,  and  that  a  flexure  or  thrusting 
towards  the  eatit  had  occurred.  80  far  as  one  could  judge  fix)iQ 
the  outline  of  the  country,  the  underlying  mass  of  ooarse  gneisses, 
already  described,  was  at  about  the  same  distance  as  before,  so  that 
this  probably  is  the  correct  interpretation. 
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Fig.  2. — Probable  succession  at  Cote  St,  Pierre. 

1.  Lower  Gneiss.  3.    Crystalb'ne  Limestone  (Eozoonal). 
1*.  Qoartzite.                                   3*.  Intercalated  Gneiss. 

2.  Pyroxenite.  4.    Upper  Gneiss. 

The  third  mass  is  rather  further  up  the  valley,  and  also  on  the 
lower  ground.'  This  is  a  rugged  knoll  of  crystalline  limestone,  in 
which  pits  have  been  dug,  one  of  them  to  obtain  apatite.  The  hole 
was  full  of  water,  but  I  found  some  specimens.  The  mineral 
assumed  two  forms:  (1)  well-defined  crystals  of  a  greenish-grey 
colour,  from  a  quarter  to  half  an  inch  long,  in  calcite ;  (2)  less 
regularly  crystallized  and  of  light  cobalt-blue  colour,  with  the  same 
mineral  and  pyroxene.  The  apatite  apparently  occurred  as  a  vein- 
product.  A  short  distance  from  this  was  a  good  development  of  the 
Eozoonal  structure,  associated  with  pyroxene ;  the  latter  in  masses 
of  concretionary  aspect,  very  irregular  in  outline  and  mode  of 
occurrence.  As  before,  the  Eozoon  formed  an  enclosing  zone,  up  to 
a  thickness  of  about  four  inches,  and  then  passed  rapidly  into  a 
crystalline  limestone,  containing  granules  of  pyroxene  or  serpentine. 
In  one  part  of  this  knoll  the  limestone  is  distinctly  micaceous,  and 
the  following  succession  is  exposed  in  ascending  order,  beginning 

^  Tbis  rock  is  a  normal  but  perbaps  ratber  fine-grained  grneiss,  inclined  to  be 
^*  platy  **  in  structure.  I  do  not  remember  tbat  tbere  was  anything  to  suggest  that 
it  was  intrusive ;  it  seemed  to  pass  ratber  rapidly  into  tbe  limestone,  but  more  as  one 
sedimentary  rock  passes  into  another. 

*  Tbe  name  of  the  owner  was  either  Lav^re  or  Laval ;  the  farm  was  No.  10. 
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with  the  western  ride :  (1)  pyroxenite,  about  four  feet ;  (2)  patches 
of  serpentine  in  caloite,  about  three  feet;  (3)  crystalline  micaceous 
limestone,  aboat  twelve  feet;  this  is  spotted  with  grains  of  pyroxene 
in  the  lowest  part,  and  more  distinctly  banded  with  mica  in  the 
opper  part. 

One  outcrop  only  of  the  upper  gneiss,  on  the  left  bank  of  the 
valley,  was  examined.  It  agieed  in  general  oharaoter  with  that 
Iran  on  the  road  from  Papineauville,  being  a  distinctly  foliated, 
rather  fine-grained  biotito  gneixs,  with  alternating  hands  of  more 
or  less  micaceous  rook.  Possibly  there  were  also  some  indioations 
of  an  intrusive  granite,  with  but  little  mica. 

The  so-oalled  Laurentian  qtiartzite,  under  the  microscope,  does  not 
exhibit  the  slightest  trace  of  a  fragniental  origin.  It  oonsiats  of 
quartz,  fblspar  (iucluding  microoline),  mica  (probably  a  bleached 
hiotite),  witli  a  liltle,  rather  minute,  ohlorite,  some  grains  of  iroa 
oxide  (probably  magnetite),  and  a  few  miorolitbio  minerals,  among 
tliem  possibly  siircon.  It  exhibits  the  structure  which  I  have  mora 
than  onoe  described  as  very  usual  in  primeval  "gneisses,"  and  only 
differs  from  lliein  in  being  eiceptionally  rich  in  quartz.  Into  the 
microscopic  details  of  the  "Eozoonal"  rocks  I  abstain  from  entering, 
as  they  have  been  so  frequently  described,  and  content  myself  with 
remarking  that  the  peculiar  structures,  to  wliich  appeal  has  been 
niade  in  the  controversy,  are  exhibited  by  my  specimens,  in  some 
cases  very  well.  I  will  only  add  that  the  mslucolite  occasionally, 
the  serpentine  perhaps  rather  oftener,  in  the  supposed  "  chambers  " 
iit  stained  by  a  bittck  ur  brownish  mineral,  and  that  in  one  case' 
the  darkish  grains  included  in  tlie  oalcite  prove  to  be  in  some  cases 
biirely  translucent,  in  others  fairly  so.  The  mineral  then  is  of  an 
uuber-brown  colour,  which  is  doubly  refracting,  and  occasionally 
becomes  fibrous  near  the  edge,  but  otherwise  seems  to  have  neither 
definite  structure  nor  cleavage.  I  have  not  been  able  to  satisfy 
myself  as  to  its  nature,  but  it  bears  some  resemblance  to  one  of  the 
hydrocarbon  group.  Possibly,  however,  it  is  the  lot;anile  examined 
by  Dr.  T.  Slerry  Hunt,  A  like  mineral  occaMionally  forms  a  border 
to  clear  grains  of  serpent irie.  The  oalcite  often  has  a  "dusty"  aspect, 
i3ue  sppsFfntly  to  the  presence  of  a  brown  or  black  powder. 

The  Rev.  J.  F.  Blake  lias  expresse<l  the  opinion'  that  the  granular 
inagnesian  mineral  in  these  Eozoonal  rocks  is  frequently  olivine. 
It  undoubtedly  often  resembles  Hie  latter  mineral,  and  there  is  no 
u  priori  reason  why  this  should  not  be  present,  especially  such 
a  variety  (or  species)  as  monticeilite.  Olivine,  however,  is  commonly 
associated  with  igneous  rocks,  so  ihata  little  scepticism  is  justiGabie, 
and  some  varieties  of  pyroxene  (such  as  malacolile)  appear  to  ba 
readily  converted  into  serpentine.  The  reasons  also  given  by  Sir. 
Blake  in  favour  of  his  view  appear  to  me  inconclusive.  Malacolite 
often  exhibits  high  polarization  tints  and  a  similar  texture  to  olivine, 
and  is  not  seldom,  wLen  the  grains  are  rather  small,  without  cleavage. 
In  my  own  specimens  I  find  it  impossible  to  distinguish,  either  by 
'  Tlie  xpefiniPti  m^ationeii  abore  a*  coll«'t«d  on  Levine's  Fbtid. 
*  QuottS  by  Umits.  Johnston-LaiU  and  Gcegor)-,  loc.  cil.,  p.  274. 
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texture,  polarization  tints,  or  general  aspect,  grains  oooarring  in  the 
oores  or  bands,  which  can  be  proved  by  cleavages  and  extinction 
angles  to  be  raonoclinic  pyroxene  (malacolite),  from  the  separate 
nnoleaved  grains  in  the  calcite  or  the  fragment-like  granules  in  the 
gprains  or  masses  of  serpentine.  Accordingly,  while  I  admit  the 
poBBibility  of  olivine  being  present,  I  think  that  this  is  not  as  yet 
proved  by  any  valid  evidence. 

The  observations  described  above  indicate,  I  think,  that  the 
Eozoon  often  occurs  in  close  relation,  on  the  one  hand  with  a 
fundamental  mass  of  almost  pure  pyroxene  or  serpentine  (the  latter 
being,  in  many  cases  at  least,  an  alteration  product  of  the  former) ; 
on  the  other  hand,  with  a  fairly  large  mass  of  cryHtalline  limestone 
containing,  sometimes  in  bands  resembling  stratification,  more  or 
less  numerous  grains  of  pyroxene  or  serpentine;  the  change  in 
either  direction  being  rather  abrupt 

The  concretionary  habit,  mentioned  above,  would  accord  either 
with  a  structure  purely  mineral,  or  with  an  organism  which  grew  in 
irregular  *' cakes"  or  small  reef- like  masses  like  some  Stromatoporids, 
but  in  the  latter  interpretation  there  are  three  difficulties:  (1)  We 
must  assume  that  the  organism  has  been  infiltrated,  very  commonly,  if 
not  always,  by  a  pyroxene  (malacolite),  and  this,  so  far  as  we  know, 
is  not  one  of  the  silicates  which  usually  discharges  this  function. 
(2)  We  must  account  for  the  grains  of  malacx)lite  or  serpentine  in 
the  external  crystalline  limestone.  They  might  be  regarded  as 
detached  casts  of  '*  chamberlets "  of  the  organism ;  but  this  ex- 
planation presents  some  serious  difficulties,  which  will  be  obvious 
to  a  petrologist,  while  the  rock  undoubtedly  presents  a  close 
resemblance  to  an  ordinary  granular  pyroxene-marble.  (3)  We 
must  assume  that  as  a  rule  the  interior  of  the  organism  perished 
as  the  exterior  grew,  because  the  centre  so  comiuonly  is  a  lump 
of  practically  pure  silicate. 

Whatever  may  be  the  origin  of  Eozoon,  nothing  which  I  saw  in 
the  field  suggested  the  probability  of  the  specimens  being  **  blocks 
included  in  either  a  volcanic  or  plutonic  mass."  If  the  structure  be 
not  a  fossil  organism,  it  is  at  any  rate  as  much  a  part  of  the  whole 
rock  as  chert  is  of  a  limestone.  There  seems  no  reason  for  doubting 
that  the  valley  is  excavated  in  a  thick  mass  of  crystalline  limestone 
included  between  two  groups  of  gneiss,  both  of  which  exhibit  a  very 
rudely  stratified  arrangement,  and  dififer  in  lithologioal  characteristics. 
The  larger  masses  of  pyroxeiiite  did  not  resemble  any  igneous  rock 
known  to  me,  but  as  to  their  origin  I  forbear  at  present  to  speculate. 
The  felspatliic  vein  did  not  resemble  an  igneous  rock,  nor  did  the 
intercalated  gneiss.  The  latter  might,  of  course,  be  an  intrusive 
sill,  modified  by  pressure ;  but  of  this  I  saw  no  evidence,  and  the 
adjacent  limestone,  if  it  has  been  crushed,  has  not  retained  any 
indication  of  this  action.  To  the  associations  of  the  rock-masses 
I  paid  especial  attention ;  because,  before  I  visited  Cote  St.  Pierre,  it 
had  occurred  to  me  that  possibly  the  Eozoonal  limestone  was  a  rock 
of  later  date  fohled  or  faulted  into  an  older  group.  But  everything 
that  1  saw  led  me  to  believe  that  the  rocks  formed  a  true  sequence. 
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The  ^eisseft,  of  oonrse,  may  have  bad  an  igneous  origin,  but  they 
certidniy  are  not  ordinary  intrusive  masses,  and  in  any  oase  I 
believe  that  the  crystalline  limestone  belongs  substantially  to  the 
same  epoch.  In  other  words  there  is  nothing,  so  far  as  I  can  see, 
to  differentiate  the  rook  in  which  Eoasoon  occurs  (except  this 
peculiarity)  from  those  other  masses  of  crystalline  limestone  which 
are  found  elsewhere  intercalated  in  gneisses  and  coarsely  crystalline 
schists.  How  such  rocks  were  produced  is  a  question  which  is 
highly  controversial,  and  upon  which,  as  I  have  already  expressed 
an  opinion,  I  do  not  intend  to  enter.  In  this  paper  I  have  sought 
nothing  more  than  to  state  certain  facts  of  which  account  must  be 
taken  in  framing  any  theory  as  to  the  origin  of  Eozoon.  I  will 
simply  add  that,  to  my  mind,  they  offer  a  choice  between  two 
interpretations  only ;  the  structure  is  either  a  record  of  an  organism, 
or  a  very  peculiar  and  exceptional  condition  of  a  pyroxene-marble  of 
Liaurentian  age,  which  is  not  a  result  of  contact  metamorphism  in 
the  ordinary  sense  of  the  terra. 


III. — Phtsiooraphioal  Studies  in  Lakeland. 

By  J.  E.  Marb,  M.A.,  F.R.8.,  Sec.G.8. 

3.  The  Eiyebs  Cai4>bw  and   Glenderamaokin. 

A  TRAVELLER  alighting  at  Troutbeck  station  (T  of  Figure),  at 
the  summit  level  of  the  Keswick  and  Penrith  Railway,  finds 
himself  standing  at  the  north-east  corner  of  a  moorland  plateau 
(Matterdale  Common),  having  a  mean  height  of  over  1000  feet, 
and  sloping  gradually  down  to  the  River  Glenderamackin  (G), 
which  bounds  it  on  the  north.  The  moorland  is  thickly  covered 
with  drift,  and  rock  exposures  are  scarce,  except  here  and  there  in 
the  tributaries  of  the  Glenderamackin,  which  run  in  a  northerly 
direction  from  the  Helvellyn  Range,  the  principal  being  Trout- 
beck  (T  B)  and  Mosedale  Beck  (M  B)  ;  (the  latter  is  one  of  many 
of  the  same  name  in  the  district).  That  the  stones  in  the  drift 
were  mainly  brought  from  the  Helvellyn  Range  is  easily  seen  after 
a  very  slight  examination  ;  the  boulders  connist  mainly  of  the  more 
altered  ashes  and  lavas  derived  from  the  Borrowdale  series  of  the 
Helvellyn  Range,  with  occasional  boulders  of  the  type  of  qnartz- 
felsite  dyke  which  penetrate  the  rocks  of  Helvellyn  and  its  mindt 
ridges  (the  best  known  being  the  familiar  "Armboth  and  Helvellyn 
Dyke");  whilst  the  "Eyoott"  type  of  volcanic  rock,  occurring 
north  of  the  main  outcrop  of  Skiddaw  Slates  and  having  its  nearest 
exposure  within  a  mile  of  Troutbeck  station,  is  entirely  unrepresented. 
At  the  north-east  corner  of  the  moorland,  close  to  Troutbeck  station, 
a  few  boulders  of  mountain  limestone  indicate  the  point  where  the 
erratics  from  Helvellyn  are  beginning  to  be  replaced  by  others 
brought  from  the  eastward.  The  drifts  of  this  moorland  and  of 
the  region  to  the  north  have  caused  the  interesting  changes  in  the 
drainage  of  the  area  which  it  is  the  main  object  of  this  paper  to 
describe. 
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(a)  Shifting  of  the  Drainage  of  the  Troutheek, 
The  Troutbeck  (T  B)  rises  on  Matterdale  Common,  about  three 
miles  S.S.W.  of  Troutbeok  station;  it  runs  in  a  general  N.N.E. 
direction  until  close  to  the  station,  when  it  turns  sharply  to  the 
west,  and  passes  through  a  rocky  gorge  of  insignificant  size,  cut 
through  the  Skiddaw  slates.  In  direct  continuation  with  the  upper 
part  of  the  stream  is  a  swampy  depression,  just  south  of  the  station 
and  continued  into  Tarn  Moss,  from  the  eastern  side  of  which 
(situated  about  i  of  &  mile  E.N.E.  of  the  station)  a  small  beck 
(Swinescales  Beck,  S  B)  takes  its  rise,  and  eventually  drains  into 
the  Eden,  whilst  the  waters  of  Troutbeck  find  their  way  to  the 
Derwent.  The  rise  from  the  angle  of  the  Troutbeck  to  I'arn  Moss 
is  almost  inappreciable,  and  the  watershed  is  not  twenty  feet  above 
this  angle  where  the  Troutbeck  turns  sharply  westward.  The 
conformation  of  the  ground  shows  clearly  that  the  Troutbeck 
originally  ran  by  way  of  Swinescales  Beck  into  the  Eden  basin ;  and 
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Map  of  the  Upper  "Waters  of  the  Glenderaraackin  and  Caldew. 
Scale :  4  miles  =  1  inch.  Old  lake  marked  by  diagonal  lines. 

the  part  of  the  old  valley  now  occupied  by  Tarn  Moss  and  the 

ground   immediately  west  of  it  having  been  filled  by   drift,  this 

part  of  the  course  of  the  beck  wns  blocked  and  the  beck  forced 

to   turn  westward,  with   the   formation  of  a  small    lakelet  which 

has  now  been  filled  up,  but  which  must  have  existed  recently  as 

indicated  by  the  name  applied  to  the  moss.     It  is  here  that  the  drift 

gives  indications  of  the  mingling  of  boulders  brought  from  the  east 

and  south  respectively,  pointing  to  the  accumulation  of  a  specially 

thick   deposit  at  the  meeting  of  the  Helvellyn  and  Eden  Valley 

ice-lobes.^ 

1  The  extension  of  the  Eden  Valley  ice  to  considerable  heights  on  the  west  side  of 
Edenside  is  not  discussed  here,  but  see  Physiographical  Studies,  No.  2,  **  Swindale," 
Oeol,  Mao.,  Dec.  IV,  Vol.  I  (1894),  p.  639. 
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(6)  The  Upper  Water*  of  the  Olenderamaekin  and  Caldew, 

The  *Olenderamaokiii  (G)  rises  on  the  eastern  faoe  of  Saddleback, 
one  of  its  feeders  issuing  from  Soales  Tarn  (S  T),  to  be  referred  to 
later.  It  flows  through  Bannerdale  (Ba)  to  Mungrisdale  (M), 
a  village  lying  four  miles  north-east  of  Soales  Tarn  in  a  direct  line, 
though  the  distance  is  greater  along  the  course  of  the  winding 
stream.  Here  it  comes  out  of  the  oomparatively  narrow  valley  of 
Bannerdale  into  a  broad,  nearly  flat-bottomed  valley,  extending 
in  a  general  north-and-south  direction  from  the  junction  of  the 
Olenderamaekin  and  Troutbeck  streams  to  the  eastern  side  of 
Carrook  Fell.  On  reaching  this  wide  valley,  the  Olenderamaekin 
stream  turns  sharply  south,  flows  in  that  direction  for  two  miles, 
and  then  turns  towards  the  west  and  flows  past  Keswick  (as  the 
Oreta),  to  join  the  Derwent. 

After  walking  from  Mungrisdale  in  a  northerly  direction  for  one 
mile,  and  noticing  an  apparently  flat  bottom  to  the  wide  valley  above 
mentioned,  extending  from  Barrow  Beck  (B)  for  a  distance  of  three 
miles  to  Linewath  (L),  one  is  surprised  to  find  the  Caldew  (C)  at 
Bowscale  (Bo)  issuing  from  a  narrow  valley  nearly  parallel  to  that 
of  the  upper  part  of  the  Olenderamaekin,  and  on  reaching  the  wide 
valley  turning  northwards  to  fall  eventually  into  the  Eden  at  Carlisle, 
instead  of  southwards  to  join  the  Olenderamackiu. 

It  is  very  apparent  that  at  one  time  this  wide  valley  was  occupied 
by  one  river,  and  that  the  upper  waters  of  the  Caldew  were  after- 
wards deflected  into  the  drainage  area  of  the  Eden,  or  the  upper 
waters  of  the  Olenderamaekin  were  turned  into  the  Derwent  from 
the  Eden  drainage  area.  It  is  not  a  difficult  task  to  discover  which 
of  these  occurred. 

Barrow  Beck  (B)  cuts  through  drift  containing  abundant  boulders 
from  the  Helvellyn  Range  (I  readily  found  one  of  a  Helvellyn  quartz- 
felsite),  so  that  at  one  time  the  Helvellyn  ice  extended  as  far  as 
Barrow  Beck  ;  at  this  time  the  valley  northwards  seems  to  have 
been  free  of  ice,  for  the  moraine  of  the  Bannerdale  glacier  descend- 
ing from  Saddleback  is  deposited  at  the  mouth  of  Bannerdale  (the 
village  of  Mungrisdale  is  situated  on  it,  and  the  Olenderamaekin 
has  cut  through  it,  south  of  the  village,  showing  a  series  of  river 
terraces  at  successive  levels),  and  it  does  not  extend  across  the  main 
north*and-south  valley.  If  the  waters  of  the  Caldew  originally  ran 
south,  they  would  be  blocked  by  the  terminal  moraine  of  the 
Helvellyn  ice-lobe,  and  ponded  back  giving  rise  to  a  lake.  That 
such  a  lake  existed  is  indicated  by  the  alluvial  flat  extending  for 
three  miles  from  White  Moss  just  north  of  Barrow  Beck  to  Line- 
wath Farm.  The  position  of  this  lake  is  indicated  by  the  diagonally 
shaded  part  of  the  Figure.  The  terminal  moraine  of  the  Helvellyn 
ice-lobe  is  only  a  few  feet  above  the  alluvial  flat,  and  now  forms 
the  watershed  (Wa)  between  the  Caldew  and  Olenderamaekin. 
The  old  course  of  the  Caldew  is  indicated  to  the  south  of  tliis 
watershed  by  the  lower  part  of  Barrow  Beck,  and  to  the  north  by 
a  nameless  stream  (shown  traversing  the  southern  part  of  what 
was  once  the  lake). 
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At  the  northern  end  of  the  old  lake,  the  Caldew  oott  through  a 
narrow  gorge  hollowed  out  of  the  Eyoott  volcanio  rocks  to  a  depth 
of  about  twenty  feet  The  top  of  ihi$  gorge  i$  aomewkai  lower  than 
the  top  of  the  drift  bar  at  the  south  end  of  the  old  lake. 

It  seems  olear  that  in  pre-Glaoial  times  a  low  watershed,  between 
what  are  now  the  upper  waters  of  the  Caldew  and  the  present  lower 
(and  principal)  part  of  the  riyer,  existed  at  Linewath,  and  that  the 
present  upper  waters  of  the  Caldew  then  drained  into  the  Olendera- 
mackin ;  that  during  the  Olaoial  period  the  terminal  moraine  of  the 
Helvellyn  ioe-lobe  blocked  the  present  upper  part  of  the  Caldew, 
separating  it  from  the  Olenderamackin  and  forming  the  lake,  and 
that  this  lake  has  be«n  destroyed,  partly  by  silting  up  and  giving 
rise  to  Mosedale,^  Bowsoale,  and  White  Mosses  on  its  site,  and 
partly  by  the  cutting  down  of  the  stream  at  the  outlet  of  the  lake, 
forming  the  little  gorge  at  Linewath.  The  diversion  of  the  river 
would  add  an  additional  ten  miles  to  the  length  of  the  Caldew. 

(c)  Minor  Moraines  in  the  Olenderamackin  Drainage  Area. 

At  the  south  end  of  Bannerdale  Crags,  and  almost  half-a-mile 
south-east  of  Bannerdale  lead  mine,  a  small  crescentio  moraine 
occurs  at  the  bottom  of  a  '*comb.''  A  stream  section  shows  the 
moraine-stuff  to  consist  of  gravelly  clay,  with  numerous  subangular 
striated  blocks  of  Skiddaw  Slate.  A  similar  moraine  is  seen  at  the 
foot  of  Scales  Tarn  (ST).  The  stream  from  the  tarn  has  cut  a 
section  in  a  very  stiff  clay  with  many  scratched  boulders  of  Skiddaw 
Slate.  It  is  clear  that  this  moraine  has  caused  the  formation  of 
Scales  Tarn,  which  is  neither  a  rock  basin  nor  due  to  blocking  by 
snow-slope  screes.  At  the  time  of  my  visit  this  year,  on  April  7th, 
the  tarn  was  still  frozen  over. 

A  very  pretty  crescentio  moraine  noticed  by  Clifton  Ward  occurs 
beneath  Wolf  Crags  (W)  at  the  north  end  of  the  Helvellyn  Range. 
It  is  known  as  Barberry  Rigg,  and  its  two  ends  are  a  little  more 
than  half-a-mile  apart  in  a  straight  line.'  In  places  it  is  about 
40  feet  high,  and  must  at  one  time  have  given  rise  to  a  tarn,  now 
occupied  by  a  peat  moss.  A  gorge  about  30  feet  deep,  cut  through 
it,  shows  that  it  is  a  true  moraine,  in  which  a  few  scratched  stones 
occur  amongst  the  subangular  blocks  which  fill  it,  though,  owing  to 
the  nature  of  the  rocks,  one  cannot  expect  many  scratches  to  be 
preserved.  Before  the  formation  of  the  gorge  the  tarn  must  have 
been  over  20  feet  deep,  and  probably  considerably  deeper,  as  a  good 
deal  of  deposit  has  taken  place  in  it  Mr.  Clifton  Ward  alludes  to  it 
in  the  Geological  Survey  Memoir  "On  the  Northern  part  of  the 
English  Lake  District"  pp.  90  and  98.  He  remarks,  on  p.  98,  that 
"  the  glaciers  crept  down  to  the  level  of  the  sea,  sometimes  forming 
moraines  just  at  the  sea-margin,  as  was  the  case  beneath  Wolf  Crai^> 
Matterdale  Common,  when  the  land  stood  1,400  feet  below  its 
present  level."  He  gives  no  reasons  for  the  view  that  this  moraine 
was  formed  at  the  sea- level,  and  though  I  devoted  a  considerable 

^  Yet  another  Mosedale. 

2  See  6-iiich  map,  geologically  coloured. 
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amonnt  of  time  to  ezaniining^  this  apeoial  point,  I  oonid  find  none. 
Be  t'hiB  aa  it  may,  it  is  the  prettiest  exhibition  of  the  terminal 
moraine  of  a  amall  oorab-glacier  which  I  have  seen  in  this  or  any 
other  district,  and  it  is  well  worth  taking  the  somewhat  uninteresting 
walk  whiob  is  neoeseary  to  reach  it 


IV. — ^Thi  Yoloano  of  Tardrbr,  Couhtt  Antrim. 

By  G&smnLLB  A.  J.  Coli,  M.B.I.A.,  F.G.S., 
Professor  of  Geology  in  the  Boyal  College  of  Science  for  Ireland. 

I  PROPOSE  in  the  aatumn  of  the  present  year  to  lay  certain 
detailed  observations  on  the  rhyolites  of  County  Antrim  before 
the  Royal  Dublin  Society;  but  m««nwhile  it  may  he  of  interest  to 
give  some  aooonnt  of  the  mode  of  occurrence  of  these  rocks  in  tlieir 
most  central  locality,  the  neighbourhood  of  Cameamey  and  Tanlree. 

Mr.  A.  MoHenry,  F.O.S ,  some  four  years  ago,  while  preparing 
a  series  of  specimens  for  exhibition  in  the  Museum  of  Science  and 
Art,  Dublin,  called  my  attention  to  some  of  the  little  known  varieties 
of  rhyolite  from  Sandy  Braes;  and  I  sobsequently  visited  Hungary, 
in  order  to  become  familiar  with  the  typical  I  highly  si  Heated  lava- 
flows  studied  by  Beudant,  Von  Richthofen,  Judd,  SzhIk).  and  others. 
Since  then,  in  various  visits  to  County  Antrim,  I  became  impressed 
with  the  unique  character  of  the  Tardree  volcano,  as  far  as  our 
islands  are  concerned,  and  with  the  comparative  neglect  in  which 
its  beautiful  products  have  been  sufifere<l  to  remain. 

The  general  characters  of  the  district  have  been  described  in 
the  Memoirs  of  the  Geological  Survey  of  Ireland,  and  I  shall  hope 
to  discuss  the  question  of  the  geological  horizon  of  the  rhyolites 
when  dealing  with  a  wider  area.  It  may  be  sufficient  to  remark 
here  that  evi(lence  as  to  the  true  relations  of  the  rhyolites  and  the 
basalts  around  Tardree  is  sadly  wanting  in  the  fiehl.  This  has 
been  fairly  recognised  by  those  who  have  ventured  to  draw  sections 
across  the  district;  and  neither  the  intrusion  of  the  Tardree  mass  as 
a  dome  amid  the  older  basalts,  nor  its  burial  by  the  later  basalts, 
can  be  regarded  as  absolutely  proved. 

For  some  reason  or  other,  the  rhyolites  of  County  Antrim  have 
l)een  almost  constantly  styled  **  trachytes/'  although  thnt  name 
has,  for  some  thirty  years,  been  restricted  to  another  cIhss  of  lavas. 
Von  Lasaulx^s^  well-known  exatnination  of  the  Tardree  rook  is 
to  some  extent  responsible  for  this ;  but  ho  styled  it  a  '^  quarz- 
8anidintrachyt'*in  his  descriptive  paper,  and  a  ''quarzsanidinrhyolit'* 
in  his  more  popular  volume.' 

In  the  present  state  of  nomenclature,  the  term  '' trachyte"  can 
no  longer  be  used  in  connectitm  with  the  Tardree  volcano,  nor,  as 
far  as  I  am  aware,  with  any  post-Cretaceous  rock  in  County  Antrim. 

Hie  main  exposures  of  rhyolite  in  the  Tardree  area,  as  we  go  from 
south  to  north,  are  met  with  as  follows : — a  cutting  in  a  farm-road 

^  **  Petrographiflche  Skizzcn  aus  Irland,**  Tschermak^s  Min.  a.  Petr.  Mittheilungen, 
Bd.  i  (1878;,  p.  418. 
»  "Aus  Irland*'  (1878),  p.  167. 
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which  descends  northward  from  Soolboa  Hill;  jotting  rocks  flanking 
the  notch  which  runs  east  and  west  across  Cameamey  Hill ;  two 
small  quarries  in  the  north-west  angle  of  the  oross-roads  before 
we  reach  Tardree  Cottage;  the  well-known  quarries  of  Tardree 
Mountain  itself;  sections  on  the  steep  ascent  to  Sandy  BraM, 
beyond  the  road  from  Parkgate  to  Kells ;  and  a  number  of  small 
excavations  on  the  high  moor  of  Sandy  Braes. 

The  Tardree  mass,  as  now  denuded,  forms  a  beautifully  r^dar 
dome,  and  presents  all  the  characters  of  a  volcanic  core.  Its  division 
by  vertical  joint-planes  reminds  one  of  the  strncture  of  the  phonolite 
necks  of  northern  Bohemia;  while  its  outline  recalls  the  Grand 
Sarcouy  of  Aiivergne.  The  compactness  and  uniform  character  of 
the  rock,  tlie  abundance  of  porpliyritic  crystals,  and  the  absence 
of  fliiidal  structure,  all  point  to  its  having  formed  a  continuous  ma«s, 
probably  in  the  centre  of  the  volcano. 

But  these  characters  are  rapidly  lot^t  as  we  proceed  north  or  south 
from  Tardree  Mountain.  The  Tardi^ee  type  of  rhyolite,  grey,  or 
pale  pink,  or  yellow-brown,  crops  out  here  and  there ;  but  the 
larger  exposures  now  show  it  to  possess  a  distinctly  laminated 
structure.  Nothing  can  be  well  made  out  at  the  cross-roads  south 
of  Tardree  Cottage,  and  the  brilliant  red  staining  of  the  rhyolites  in 
the  quarries  at  this  point  results  from  irregular  alteration,  and  not 
from  the  asHOciation  of  lava-flows  of  different  compositions.  On  the 
rise  towards  Carnearney  the  compact  type  is  also  seen  ;  but  in 
the  notch  south  of  the  new  plantation  two  kinds  of  rhyolite  are 
visible.  A  small  cliff  faces  the  plantation,  its  upper  part  being 
formed  of  compact  but  fissile  rhyolite.  There  is  no  obvious  flow- 
structure  to  account  for  the  parallel  and  gently  dipping  planes  of 
diviHiou  in  this  rock;  but  beneath  it,  the  plane  of  junction  l>eing 
parallel  to  those  of  fissility  in  the  upper  rhyolites,  lies  a  handsome 
spherulitic  obHidian,  preserving  all  its  character  as  a  grey  glass, 
traversed  by  perlitic  cracks.  These  rocks  recall  the  cliflF  of  Skleno, 
near  Selmeczbanya,  with  its  variety  of  compact  and  glassy  lavas, 
poured  out  as  flows  one  upon  another. 

The  humble  exposure  at  Scolboa  merely  shows  pink,  compact,  and 
porpliyritic  rhyolite,  somehow  underlying  a  handsome  olivine-basalt. 
Similarly,  the  dip  of  the  rhyolites  on  the  north  end  of  Carnearney 
would  bring  them  under  the  basalt-flows  of  the  south  end  and  of 
the  summit  of  the  hill.  Sir  A.  Geikie^  has  stated  that  he  knew 
of  no  case  in  which  acid  lavas  of  Cainozoic  times  reached  the  surface 
in  our  islands,  save  at  the  Scuir  of  Eigg ;  but  his  omission  of  the 
rocks  of  Sandy  Braes  from  his  account  of  the  Cainozoic  pitchstones* 
shows  that  the  compact  rhyolites  of  Tardree  were  the  predominant 
type  present  to  his  mind.  The  exposure  on  Carnearney  looks 
suspiciously  like  a  section  at  the  junction  of  two  lava- flows,  and 
there  is  nothing  surprising  in  its  occurrence  on  the  south  flank  of 
the  denuded  volcano  of  Tardree. 

>  **The  History  of  Volcanic  Action  during  the  Tertiary  Period  in  the  Britiiib 
Isles,"  Trans.  Hoy.  Soc.  Edin.,  vol.  xxxv  (1888),  p.  145. 
*  /M.,  p.  146. 
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Bat  the  northern  side  of  that  volcano  shows  a  far  more  striking 
assemblage  of  rhyolites,  among  them  being  the  exquisitely  perlitio 
glass  recently  dealt  with  by  Mr.  W.  W.  Watts.*  This  is  the 
'*  pitchstone  porphyry  "  and  "  pearlstone  porphyry  "  of  Sandy  Braes, 
noted  by  Berger,'  Portlook,'  and  other  older  authors. 

It  is  surprising  how  the  spread  of  petrography  on  the  Continent 
has  sent  us  to  Hungary  or  Lipari  for  our  specimens  of  rhy elite, 
while  the  rich  variety  of  material  on  Sandy  Braes  has  been  scarcely 
known  to  the  collector. 

Von  Lasaulx  was  acquainted  with  the  glassy  type  of  the  rhyolites 
of  County  Antrim  merely  from  specimens  that  were  shown  to  him  in 
Dublin ;  and  few  of  the  eminent  geologists  who  have  visited  the 
quarries  of  Tardree  appear  to  have  climbed  thence  to  the  plateau  of 
Sandy  Braes.  This  upland  is  traversed  by  a  bold  mountain-road, 
commanding  superb  views,  and  running  from  Doagh  to  Connor; 
and  a  steep  lane  rises  up  to  it  just  east  of  the  inn  on  the  north  side 
of  Tardree  Mountain.  The  name  Sandy  Braes  does  not  occur  on 
the  1-inch  Ordnance  Map,  but  is  easily  found  upon  the  6-inch 
sheet;  it  has  a  real  meaning 'to  the  local  farmers,  who  quarry  the 
decomposing  rhyolites  for  sand. 

On  the  steep  cross-road  referred  to,  there  is  a  little  quarry,  which 
is  visible  from  the  Tardree  inn ;  the  rock  is  a  pink  and  well-banded 
rhyolite,  its  planes  of  flow  being  distinctly  visible  at  a  distance. 
Above  this,  the  surface  of  the  moorland  is  strewn  with  boulders, 
large  and  small,  consisting  of  grey,  black,  and  greenish  obsidian, 
sometimes  perlitic,  rarely  spherulitic,  and  always  containing 
porphyritic  quartz  and  felspars.  This  rock  breaks  up  easily  under 
the  hammer,  and  its  numerous  joint-planes  and  its  partial  decom- 
position cause  it  to  weather  down  into  a  yellowish  sand.  This  is 
the  material  excavated  for  use  on  the  paths  of  local  demesnes,  and  it 
can  be  seen  in  the  casual  little  diggings  that  are  made  from  time  to 
time,  lliese  diggings  do  not  go  farther  down  than  the  first  hard 
rock,  so  that  their  walls  show  merely  lumps  of  glassy  rhyolite 
embedded  in  soft  sand  ;  but  their  floors  consist  of  surfaces  of 
decomposing  glass,  or  of  compacter  and  firmer  rhyolite,  like  that 
of  the  quarry  on  the  ascent.  From  the  crest  of  this  ascent,  across 
the  Doagh  road,  and  away  to  Sandy  Braes,  the  rook  below  the 
surface  of  the  grass  or  heather  is  almost  pure  obsidian.  It  is 
probable  that  the  flat  dome-like  summit  forming  the  southern 
extension  of  the  braes  originated  mainly  in  the  surface  of  a 
single  lava-flow,  which  was  formerly  connected  with  the  central 
mass  at  Tardree  Mountain. 

Comp^t  rhyolites  occur  as  we  push  across  to  Sandy  Braes,  and 
serve  to  show  how  the  crust  of  the  obsidian,  which  is  now  mostly 
broken  up  into  boulders,  is  in  reality  only  two  or  three  feet  in 
thickness.     At  the  east  end  of  the  braes  there  is  a  red  compact 

1  "The  Occurrence  of  Perlitic  Cracks  in  Quartz,'*  Q.J.G.S.  vol.  1  (1894),  p.  368. 
'  ''On  the   Geological  Features   of  the  North-eastern  Counties  of   Ireland,'* 
Trans.  Geol.  Soc.,  ser.  i,  vol.  iii  (1816),  p.  190. 
'  "  Report  on  the  Geology  of  Londonderry,  etc.,"  1843,  p.  212. 
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rhyolite,  with  banded  stmoture,  oorapanble  in  type  to 
stone-porphyry "  of  Hlinik  in  HimKary,  hut  of  Minew) 
chnraoteT.  At  (he  wetit  uiiil,  oa  tlie  airy  Biiininit  of 
rhyolite  of  the  Tardree  type  oropa  out;  and  in  beli 
a  hollow  of  the  road,  its  glassy  repreientativea  abound.  1 
and  fluidal  ptichetonei  of  Skleno  are  here  beautifully  rep 
dnll-brown  ipheriilitio  aggregations  also  oocur,  their  ' 
bollowi  being  filled,  as  iu  Hungary,  with  ohnloedony  at 
opiil.'  Ko  continuous  moss  of  glass  is  Tisible,  and  in  ( 
obsidian  boulders  resemble  blocks  that  became  included 
crystalline  flow,  the  latter  having  now  decomposed  to  foi 
A  resisting  layer  of  pale  pink  rhyolitu  ooours  a  few  ya 
north,  and  no  doubt  extends  down  into  the  bill;  and  al 
in  contact  with  it,  is  an  agglomerate  of  glassy  and  < 
oryatalline  fragments  of  rhyolite,  embedded  in  a  firm 
ground.  This  can  hardly  be  anything  but  a  true  tuff;  ai 
Uie  sands  containing  obsidian  boulders  in  this  district  ma; 
lormed  by  the  breaking  up  of  similar  layers.  The  ex[ 
•mall  one,  and  this  interesting  relic  may  disappear  ui 
weeks'  quarrying.  It  became  revealed,  however,  be 
■uooessive  visits  made  in  1891  and  1695;  and  at 
further  evidence  of  explosive  action  may  he  met  with  ib  I 
diggings  of  Sandy  Braes. 

Nothing  short  of  deeper  trendies  or  more  serious  qui 
show  US  the  real  wenlth  of  the  material  on  the  heigh: 
Tardree  Mountain  ;  but  I  trust  1  have  said  enough  to 
main  contention.  I  regard  the  Tardree  dome  as  the  n 
by  the  upwelling  of  a  viscid  rhyolite,  which  occasion 
out  over  the  Chalk,  and  perhaps  over  some  of  the  earl 
round  about  it.  A  conuiderabie  volcano  was  in  time  \ 
flanks  formed  of  true  lava-flows  and  even  of  tuSs;  glassy 
developed  freely  by  the  rapid  cooling  of  these  flows, 
Upes  of  obsidian  were  spread  out  over  some  four  sq 
The  lavn-flows  have  been  muoh  reduced  by  denudstit 
now  obviously  crumbling  away  on  the  high  moor  of  Sf 
but  both  here  and  under  (he  later  basalt  of  Carnearnt 
evidence  of  the  former  complexity  and  variety  of  tl 
volcano  of  Tardree. 

V. — pKELiMiNABT  Notes  oh  the  latb  Coknsction  and 
or  TBI  Pacific  Ocian  and  GrLF  of  Mexicc 
Bj  Prof.  J.  W.  Spkncsh,  M.A.,  Ph.D..  B.A.Sc..  F.G 

HAVING  recently  returned  from  another  season's  i 
West  Indies  and  Mexico,  where  I  was  colleotin; 
data  bearing  upon  the  stU)«ndou8  changes  of  level  of  h 
which  have  lately  affected  the  American  continent, 
review  of  the  "Reconstruction  of  the  Antillean  Con 
Ur.  Jukes-Browne  in  the  Gkolooioal  Maoazinb,  April  ] 
a  few  points  of  which  may  be  further  explained  at  thi 
1  Compare  Berget,  op,  nt.,  p.  190. 
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that  I  famish  some  advanoe  notes  oonoerning  reoently  observed 
phenomena  which  greatly  strengthen  the  theory  of  stupendoas 
changes  of  level  in  the  Pleistocene  period.  Many  months  must 
elapse  before  I  shall  be  able  to  complete  the  stadies  for  publication, 
so  that  my  papers  on  Cuba,  Jamaica,  and  Mexico  shall  be  published. 
It  may  be  said  that  the  date  of  the  recent  continental  elevations  are 
based  on  the  extent  of  the  erosion  of  the  Miocene  and  later  deposits*"" 
In  the  south-eastern  states  but  little  of  the  Upper  Miocene  (American 
equivalent)  has  been  preserved  from  erosion.  In  Cuba  and  Jamkioa 
the  Miocene  limestones  have  suffered  enormous  degradation,  so  that 
probably  only  the  lower  strata  remain,  yet  these  are  of  immense 
thickness,  although  they  are  often  completely  incised  by  great  valleys.' 
The  same  phenomena  hold  good  for  regions  south  of  the  Mexican 
Gulf.  The  determination  of  the  ages  of  the  beds  is  based  upon 
palasontologioal  as  well  as  strati^n^pliical  and  lithological  evidence 
The  lists  of  fossils  will  be  submitted  in  forthcoming  papers.  In  the 
southern  states  these  deposits  are  not  disturbed  to  any  great  extend 
bnt  beyond  they  are  everywhere  upturned  and  often  occur  at  high 
angles.  Overlying  and  occupying  portions  of  the  great  valleys,* 
there  are  the  widespread  loams  and  gravels  of  the  Lafayette 
formation  of  the  southern  stHtes,  which  extend  also  over  the  coastal 
plains  of  Mexico.  On  the  islands,  apparently,  the  same  formation' 
occurs,  but  in  part  represented  by  marls,  with  some  included 
gravel  (the  Matanzas  formation),  and  these  contain  fossils  of  mostly 
modem  species.  With  the  oscillations  of  land  and  sea,  the  perfect 
synchronism  between  the  eastern  and  western  beds  is  not  claimed, 
but  only  the  general  equivalency,  as  the  continental  movements 
passed  from  east  to  west  and  back  again.  Tliese  Lafayette  and 
Matanzas  beds  have  a  remarkably  wide  distribution,  and  present 
a  wonderful  degree  of  uniformity,  so  that  the  geology  of  the  vast 
region  is  greatly  simplified.  These  formations  have  been  pro- 
visionally regarded  as  belonging  to  about  the  close  of  the  Pliocene 
period,  and  whether  a  little  earlier  or  a  little  later  is  of  no  material 
difference.  It  is  the  sequence  of  events  which  forms  the  importance 
of  the  study,  for  the  palseontologioal  boundaries  are  somewhat 
ill  defined  at  present  The  surfaces  of  these  Lafayette  and  Matanzas 
accumulations  have  been  greatly  denuded,  so  that  in  many  places 
they  are  fouod  only  in  fragments,  which  have  nevertheless  been 
most  important  in  the  investigations  concerning  the  ''  Reconstruction' 
of  the  Antillean  Continent."  In  these  valleys,  again,  we  find  later 
mid -Pleistocene  formations  which  have  been  traced  to  the  regions 
of  northern  drift  accumulations.  The  great  continental  elevation 
reached  its  culmination  in  the  post-Lafayette  or  early  Pleistocene 
epoch,  so  far  as  the  eastern  part  of  America  is  concerned.  But  at 
that  time  I  have  recently  found  upon  the  Tehuantepec  isthmus, 
where  the  drainage  of  the  eastern  plateau  was  hypothesized  to  have 
passed  to  the  Pacific  Ocean,  that  the  country  was  so  low  as  not  to 
permit  the  formation  of  deep  valleys  such  as  were  being  formed 
to  the  east,  and  are  now  drowned  beneath  the  sea  or  buried  along 
the  Atlantic  or  Gulf  coast. 


808  C,  Darisan — On  Mountain  Evolution^ 

;  The  edges  of  the  Mexican  table-lands  (a  term  more  correct  than 
elevated  valleys)  show  the  counterparts  of  the  submerged  valleys 
to  the  east — an  analogy  not  found  in  the  valleys  of  the  eastern 
part  of  the  continent — for  the  now  unsubmerged  portions  of  the 
continent  were  too  far  from  their  margins  to  have  been  incised  by 
the  growing  eanonB  of  the  period  of  great  elevation.  Yet  these 
ifexican  examples  represent  a  shorter  duration  of  time  than  the 
frowned  Antillean  valleys. 

In  Mexico  youthful  terraces  occur  to  an  elevation  of  6,500  feet 
above  the  sea,  and  base  planes  of  erosion  upon  the  margins  of  the 
llesas  to  an  elevation  of  8,000  feet  With  this  enormous  elevation 
the  terrace  materials  in  the  older  valleys  have  not  been  removed  by 
4enudation  except  in  part,  and  the  youthful  canons  have  not  yet 
reached  far  into  the  plains.  Tims  it  appears  that  Mexico  has  risen 
to  this  great  altitude  in  very  recent  times,  and,  when  we  correlate 
tjhe  geological  foundations,  it  would  appear  that  Mexico  and  Central 
America  have  risen  to  almost  as  great  an  elevation  as  the  late 
latitude  of  the  Antilles  and  eastern  part  of  America,  while  the  floor 
of  the  Mexican  Oulf  has  been  sinking. 

Across  the  floor  of  the  divide  between  the  Atlantic  and  the  Pacific, 
in  the  Isthmus  of  Teh uan tepee,  there  were  recent  shallow  straits, 
succeeded  by  natural  canals  covered  with  level  gravel  floors  con« 
tinuous  with  the  terraces  on  the  Atlantic  side.  The  importance  lies 
in  the  admittance  to  the  Gulf  of  the  sparsely-distributed  Pacific 
littoral  types  of  molluscs.  But  the  gravel  floors  of  the  channels 
over  the  divides  form  a  most  important  analogy.  Such  floors  over 
the  watersheds  of  the  Great  Lakes  of  North  America  have  been 
regarded  by  some  glacialists  as  evidence  per  se  of  glacial  dams 
confining  the  waters  of  the  lake  basins  at  high  altitudes.  Against 
this  view  there  are  many  considerations,  but  now  that  the  same 
phenomenon  is  found  within  a  few  degrees  of  the  Equator,  and  at 
j[ow  elevations,  the  value  of  this  test  for  glacial  dams  disappears. 

While  no  phenomena  observed  in  the  Antillean  region  have 
weakened  the  hypothesis  of  the  great  changes  of  land  and  sea  in 
xecent  times,  yet  there'  is  much  detailed  evidence  supporting  the 
t}ieories  set  forth  in  the  "  Reconstruction  of  the  Antillean  Continent," 
of  which  the  points  mentioned  have  a  most  important  bearing,  as 
filing  important  gaps  in  the  chain  of  evidence,  concerning  which 
we  had  not  the  direct  observations  before  the  present  time. 

VI. — Second  Note  on  the  Expansion  Theory  op  Mountain 

Evolution. 

By  Charlbs  Davison,  M.A.,  F.G.S., 
Mathematical  Master  at  King  Edward's  High  School,  Binningham. 

IN  a  note  published  four  years  ago,^  I  pointed  out  a  fundamental 
objection  to  the  principle  of  the  expansion  theory.  That 
objection  has  been  clearly  expressed  as  follows  by  Prof.  Leconte,' 
who,  like  myself,  considers  it  fatal  to  the  theory :    "  Sedimentation 

I  Geol.  Mao.,  Vol.  VIII,  1891,  p.  210. 
"  Joiirn.  of  Geol.,  toI.  i,  1893,  pp.  670-671. 
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cannot,  of  coarse,  increase  the  sum  of  heat  in  the  earth.  Therefore 
the  increased  heat  of  the  sediments  by  rise  of  isogeotherms,  must  he 
taken  from  somewhere  else.  Is  it  taken  from  below  ?  Then  the 
radius  [or  rather  crust]  below  must  contract  as  much  as  the 
^sediments  expand,  and  therefore  there  will  be  no  elevation.  Is  it 
taken  from  the  containing  sides?  Then  the  sides  must  lose  as 
much  as  the  sediments  gain,  and  therefore  must  contract  and  make 
room  for  the  lateral  expansion,  and  therefore  there  would  be  no 
folding  and  no  elevation.*' 

It  appeared  to  me  possible,  however,  that  the  sediment,  owing  to 
a  less  conductivity,  might  check  the  transmission  of  heat  through  it 
more  than  the  surrounding  crust,  and  that  there  might  consequently 
be  some,  though  certainly  a  small,  relative  elevation  due  to  the 
cause  invoked.  This  I  now  believe  to  be  an  error,  for  I  was  not 
then  aware  how  greatly  the  presence  of  water  can  increase  the 
conductivity  of  sand  and  rocks.  That  it  does  so  is  evident  from 
the  experiments  of  Professors  Herschel  and  Lebour.*  They  find, 
for  instance,  that  the  conductivity  of  quartzose  sand  is  '00105  when 
dry  and  *00S20  when  wet,  that  of  New  Red  Sandstone  is  increased 
from  '00260  when  dry  to  -00600  when  wet,  and  that  of  clay  from 
•00250  to  '00350.  Now,  considering  that  the  average  conductivity 
of  crystalline  and  volcanic  rocks  is  '00519,  of  schistose  and  slate 
rocks  -00531,  of  different  kinds  of  sandstone  '00734  and  '00323, 
of  limestones  '00561,  and  of  argillaceous  strata  '00242,  it  is  evident 
that  I  was  wrong  in  supposing  that  the  conductivity  of  saturated 
sediment  might  be  small  enough  for  it  to  act  as  a  relative  check  on 
the  passage  of  heat  from  the  interior.  I  conclude,  therefore,  that 
the  force  of  the  objection,  great  as  it  was  before,  is  increased  by 
this  additional  consideration. 


VII. — On  the  Formation  at  Low  Temperatures  of  certain 
Fluorides,  Silioates,  Oxides,  etc.,  in  the  Pipernoid  Tuff 
OF  THE  Campania. 

By  Prof.  H.  J.  Johnston- La  vis,  M.D.,  F.G.S.,  etc. 

With  a  Note  on  the  Determination  of  some  of  the  Species* 

By  Prof.  Pasqualb  Franco,  M.D.,  etc. 

WHEN  such  minerals  as  mica,  pyroxene,  nepheline,  flnorite, 
and  hematite  are  mentioned  to  ns,  we  can  hardly  avoid 
associating  their  genesis  with  very  high  temperatures,  and  if 
am  phi  bole  be  added  we  are  equally  bound  to  imagine  also  the 
existence  of  high  pressure.  So  deeply  rooted  is  this,  I  might 
almost  say,  superstition  that  few  petrographers,  when  they  find  such 
minerals  lining  the  fissures  or  cavities  in  rocks,  fail  to  immediately 
conclude  that  great  heat,  and  sometimes  pressure,  is  indicated  by 
Buch  an  occurrence.  No  doubt  that  in  the  vast  majority  of  cases 
they  would  be  right,  yet  I  hope  to  show  in  these  notes  that  such 
minerals  have  occasionally  been  produced  under  little  or  no  pressure 

^  Brit.  Assoc.  Rep.  1881,  pp.   130-135;  quoted  by  Prestwich,  "Controverted 
QnestioDS  of  Geology,"  pp.  240-241. 
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at  a  temperature  bo  low  as  to  be  insaffioient  to  oarbonise  or  eve» 
diaoolour  the  organic  matter  of  bone,  that  ia  at  a  temperatme 
considerably  below  that  of  an  ordinary  baking  oven. 

A.  Soaoohi  was  the  first  to  draw  attention  to  certain  endosuret 
in  the  grey  tuflEs  of  the  Campania,  which  I  have  shown  to  be  tha 
representatives  of  that  enigmatical  rook  the  piperno  of  Piannn, 
and  to  hold  chronologically  and  stratigraphically  the  same  rektivs 
position.  To  denote  the  pecaliar  straoture  dae  to  the  enolosares  of 
different  texture  of  these  as  well  as  rooks  from  different  parts  of  tha 
world,  I  have  proposed  the  adjective  pipemoid,  and  references  to 
this  clastic  volcanic  rock  in  several  of  my  papers  is  denoted  as 
pipemoid  tufil 

A.  Scacchi  supposed  this  tuff  to  be  the  result  of  mud  stresmi 
that  issued  from  a  wreath  of  volcanic  vents  scattered  all  along  tha 
edge  of  the  Campanian  plain,  where  limited  by  the  limestone  hills ; 
and  the  metamorphosed  limestone  enclosures  he  considered  as  troa 
ejected  blocks,  or,  as  Prof.  Lacroix  calls  them,  ea^/avea.  I  hsTS 
been  able  to  refute  these  views,  for  the  following  reasons,  as  con- 
cisely summarised  below  ^ : — 

(1)  The  pipemoid  tuff  is  a  typical  andesitic  or  trachytic  scoria, 
pumice,  and  dust  deposit,  and  bears  no  relationship  whatever  to  tha 
clays  of  mud  volcanoes. 

(2)  To  have  produced  such  deposit  of  it,  dozens  of  months  would 
bave  been  required,  not  only  where  A.  Soaochi  locates  them  but 
over  hundreds  of  square  miles,  and  often  at  the  tops  and  shelvea 
of  calcareous  mountains,  unless  we  were  to  admit  the  mud  to  have 
flowed  uphill. 

(3)  The  metamorphosed  limestone  fragments  only  occur  in  the 
pipemoid  tuff  where  this  forms  a  talus  against  a  lim^tone  hill,  and 
are  distributed  in  the  tuff  in  curved  wedge-shaped  bands  just  as  any 
fragments  are  arranged  in  a  talus  by  the  law  of  angles  of  repose. 

(4)  The  greater  thickness  of  the  tuffs  at  the  foot  of  the  limestone 
hills  is  simply  due  to  the  talus  formed  at  their  feet  by  the  washing 
down  of  the  mantle  of  fragmentary  material  that  covered  them  after 
their  fall  from  the  air  at  the  time  of  the  emption. 

i6)  That  the  same  arguments  as  apply  to  the  number  of  volcanic 
vents  also  apply  to  the  existence  of  fluoriterous  fumaroles  or  springs, 
as  suggested  by  A.  Scacchi. 

It  is  evident,  therefore,  that  in  such  a  tuff,  after  its  journey  through 
the  air,  its  fall  on  the  surface  of  the  country,  and  its  8ubsei]ueut 
transport  to  lower  levels  by  water,  that  no  heat  above  that  of  the 
surrounding  atmosphere  could  remain,  of  what  existed  at  the  volcano 
from  which  the  ejecta  had  been  derived,  to  act  upon  any  inclusions 
in  such  a  tuff.  It'  any  doubts  on  this  point  existed,  the  uncarbonizetl, 
unroasted  bones  included  in  the  tuff  would  finally  disiM>se  of  them. 

The  bone  in  question  I  easily  recognized  as  the  upper  part  of 
a  tibia,  probably  of  Cervus,  and  this   diugnosis  was  subsequently 

1  See  H.  J.  Johnston -LaTifl  :  British  Association  Beports  for  1888-89-90-92, 
and  Notes  on  Pipemoid  Structure  of  Igneous  Rocks,  **  Natural  Science,*'  vol.  iii, 
No.  }9,  September,  1893,  pp.  218-221. 
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tonfirmed  by  Professora  Bassani  and  Trinobete.  Tbe  bone  is  nol 
entire,  but  no  doobt  was  bo  in  tbe  tnfE^  part  baving  been  broken  off 
in  quarrying  operations.  It  ooonpied  a  somewhat  larger  spaoe  than 
teqnisite  in  its  matrix,  as  if  part  of  the  flesh  were  still  adherent  to  it 
at  the  time  of  its  bnrial,  or,  more  likely,  the  efferyesoenoe  set  np  by 
the  aoid  oontained  in  tbe  dnst  that  enveloped  it  attacked  it  and 
produced  sufficient  gas  to  distend  tbe  cavity  aronnd  it.  lliat  such 
was  more  probably  tbe  case  is  shown  by  enclosures  of  limestone 
whiob  have  likewise  effervesced,  and  so  now  occupy  cavities  of  larger 
volume  than  that  of  the  original  fragment  of  limestone.  The  bone 
in  question  is  fissured  and  cracked  as  if  it  bad  shrunk,  due  no  doubt 
to  the  removal  of  some  of  its  organic  or  earthy  constituents,  or  the 
chemical  replacement  of  some  of  them  by  others  of  less  volume. 
This  bone  is  covered  by  a  ooffee-brown  crust  up  to  a  tenth  or  more 
of  a  millimetre  thick,  and  consists  of  the  following  minerals,  accord- 
ing to  A.  Scacchi  and  Prof.  P.  Franco,  of  augite,  hornblende,  and 
biaxial  mica,  and  I  have  since  detected  on  a  small  detached  fragment 
of  another  bone  some  imperfect  yellowish  hexagonal  prisms  quite 
identical  with  those  on  the  limestone  enclosures,  which  prisms, 
though  very  impure,  give  the  miorochemical  reactions  of  nepbeline. 
This  second  bone  was  found  only  a  few  yards  from  the  tibia,  and 
therefore  could  not  have  been  exposed  to  any  important  difference 
of  temperature.  It  is  true  that  it  contains  no  organic  matter,  but 
that  may  be  due  to  its  being  an  old  weathered  bone  before  its  en- 
velopment in  the  tuff.  The  same  argument  applies,  though  with 
less  force,  to  the  ovine  vertebrte  from  the  neighbouring  quarry 
of  Fossa  Lupara,  which  contains  crystals  of  hematite  in  the 
cavities.  With  such  spongy  bones  the  organic  matter  disappears 
much  more  quickly  than  in  one  of  the  densest  parts  of  the  skeleton, 
such  as  the  main  leg  bone. 

I'o  return  to  the  tibia — the  layer  of  silicates  crusts  over  both  the 
outride  surface  and  that  of  the  marrow  cavity  and,  what  is  important, 
tlie  sides  of  the  fissures,  which  shows  that  (be  deposition  of  such 
minerals  must  have  been  some  time  later  than  the  fissuring.  This 
fissuring  was  posterior  to  the  envelopment  of  the  bone  in  the  tuff,  for 
so  fragile  is  it  in  consequence  of  their  formation  that  nothing  less 
than  a  miracle  would  have  preserved  it  entire. 

l^he   composition  of  this  bone   is   very  instructive.     A.  Scacchi 

found  that  it  contained  : — 

Calcium  orthophosphate 88 '32 

Calcium  fluorioe 6'20 

Organic  matter 6*48 

From  tbe  researches  of  Heintz,  Recklinghausen,  Zalesky,  Hoppe- 

Seyier,  and   others,  the  following  is  the   mineral  constitution   of 

bone : — 

Calcium  phosphate 83*889 

Calcium  carbonate 13*032 

Calcium  as  fluorides,  chlorides,  etc 0*352 

Fluorine 0*229 

Chlorine 0*183 

Different  bones  of  the  same  animal  vary  in  composition,  as  do  the 
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tame  bones  of  different  AnimalB.  The  tibia  is  one  of  the  densest 
bones  of  the  body,  and  the  part  analysed  by  Scaochi  was  the  shaft 
portion  and  therefore  the  densest  part  of  that  bone.  Still,  it  will  be 
seen  that  the  oalcio  phosphate  is  very  high — over  93  per  cent  of  the 
inorganic  constituents :  whether  this  be  due  to  a  conversion  of  some 
of  the  original  calcic  carbonate  into  phosphate  is  not  easy  to  say. 
What,  however,  is  strikingly  evident  is  the  conversion  of  a  large 
part  of  the  calcic  carbonate  into  calcic  fluoride  so  as  to  constitute 
over  6  per  cent.  Fluorine  does  occur  in  bones,  but  in  very  minute 
proportions.  If  we  consider  the  other  6  or  7  per  cent  of  carbonate 
to  have  become  phosphate  we  oonld  then  explain  the  high  proportion 
of  this  latter  compound  in  Scacchi*s  analysis. 

The  organic  matter  in  the  Faiano  specimen  amounts  to  5*48  per 
cent,  and  Scaochi,  in  making  his  analysis,  was  struck  by  the  fact 
that  in  heating  the  creamy-white  bone  it  blackened  and  gave  off  an 
odour  of  burnt  horn.  He  did  not  appreciate  the  valuable  bearing  of 
such  a  fact  on  mineral  genesis,  for  it  proves  inconirovertihly  that 
the  minerals  associated  with  this  bone  could  not  have  been  produced 
at  a  temperature  sufficiently  high  to  even  discolour  it,  much  less  to 
carbonize  its  organic  matter.  Not  only  this,  it  likewise  shows  that 
the  other  minerals  formed  at  the  expense  of  the  limestone  fragments 
in  its  immediate  neighbourhood  must  likewise  have  taken  place  at 
a  low  temperature. 

Dried  bones  afford  about  11*40  per  cent,  of  nitrogeneons  organic 
matter  and  15-75  per  cent  of  fat  If  we  suppose  all  the  fat  to  hnve 
disappeared  we  even  then  find  the  quantity  of  ossein  far  below  the 
normal.  This  could  hardly  be  more  than  we  should  expect — it  is 
astonishing  rather  that  such  a  quantity  of  organic  matter  has 
remained,  and  its  existence  points  to  no  very  great  antiquity  of 
the  tuff,  which  certainly  is  anterior  to  the  last  660  metres  in  height 
of  Monte  Somma,  previous  to  its  great  prehistoric  truncation,  which 
truncation  must  be  anterior  to  the  last  8000  years.  The  vertehne 
obtained  by  Scaochi  from  the  neighbouring  quarry  had  lost  their 
organic  matter — a  state  of  things  to  be  expected  in  such  porous 
spongy  bones,  but  they  likewise  had  all  their  calcic  carbonate 
converted  into  fluorite. 

In  the  Faiano  and  Fossa  Lupara  quarries,  numbers  of  fragments 
of  limestone  have  been  enveloped  in  the  tuff  and  have  undergone  most 
marked  changes.  All  the  blocks  up  to  the  size  of  a  cocoa-nut  have 
been  entirely  converted  into  a  mass  of  beautiful  brown  mica  crystals, 
which  form  a  shell  having  the  original  shape  of  the  enclosure. 
Within  this  shell  is  a  hollow  space  with  elegant  groups  of  hyaline 
glohules  or  radiating  bunches  of  fluorite  associated  with  delicate 
fibres  and  needles  of  nocerite.  Besides  the  mica  are  crystals  of 
augite,  hornblende,  and  a  mineral  of  the  nepheliue  group,  but  very 
impure  from  enclosures. 

Where  large  blocks  of  limestone  occur,  they  are  in  some  cases 
covered  with  a  solidified  froth  of  fluorite,  or  their  surfaces  are 
converted  for  the  depth  of  several  centimetres  into  mixture  of  the 
silicates  and  fluorides  above  mentioned,  whilst  farther  in  arragonite 
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has  been  formed  at  the  expense  of  the  calotte  of  the  limestone. 
This  arragonite  would  seem  to  indicate  aome  slight  warmth  to 
have  existed  for  its  formation,  but  whether  of  original  volcanic  heat 
of  the  tuff  itself  or  dependent  upon  heat  liberated  in  the  chemical 
decomposition  going  on,  it  is  not  easy  to  determine. 

The  quantity  of  fluorine  must  have  been  very  considerable,  because 
the  amount  of  fluorides  formed  constitute  the  major  part  of  the 
products  of  metamorphism. 

The  whole  of  these  changes,  therefore,  was  due  to  some  fluorine 
compound  in  the  original  volcanic  material,  which  A.  Scacchi  shows 
would  most  likely  be  hydro-fluosilicic  acid. 

Fluorine  and  minute  quantities  of  fluorides  have  often  been  found 
in  volcanic  emanations,  but  the  quantity  that  must  have  accompanied 
the  dust  and  scoria  of  the  eruptions  to  which  we  owe  the  pipernoid 
tuff  was  exceptionally  great  Where  these  and  other  constituents  of 
the  tuff  have  been  reacted  upon  slowly  with  calcite  in  any  form, 
either  organic  or  inorganic,  certain  minerals  have  resulted  which 
are  supposed  to  require  very  high  temperatures,  and  in  some  cases 
high  pressures,  for  their  genesis.  Of  course  the  mode  of  formation 
of  hornblende  under  such  conditions  is  of  interest  in  considering 
the  case  where  this  mineral  occupies  vesicles  or  fissures  in  a  cooling 
lava,  but  does  not  in  any  way  militate  against  the  fact  of  its 
individualization  from  a  vitreous  base  being  still  regarded  as 
indicative  of  high  temperature  and  pressure.^ 

Finally  this  is  one  more  confirmation  of  the  fact  of  the  great 
importance  we  must  attach  to  fluorine  as  a  mineralizing  agent. 

I  must  thank  my  friend  and  colleague  Prof.  P.  Franco  for  kindly 
clearing  up  by  careful  measurements  some  doubts  about  the  minerals 
epigenized  upon  the  bone. 

MiNXBALS    FOBMKD   ON   THR  FoSSIL  BoNES  OF  THE  TuFA  OF    FaIANO 

NEAU   NOGRRA. 

It  is  a  known  fact  that  in  the  volcanic  tuffs  of  the  Campania 
bones  of  ruminants  occur  with  mineials  superposed  on  their  surfaces 
and  in  their  cavities.  A.  Scacchi '  described  a  tibia  found  by  and 
contained  in  the  valuable  collection  of  Prof.  Johnston-Lavis  as  well 
as  a  vertebra  in  the  collection  of  the  University  Museum  in  Naples. 
On  these  bones  he  recognized  hematite  and  amphihole.  A.  Scacchi 
adds  that  there  are  minute  brownish-yellow  crystals  of  indetermin- 
able form,  but  which,  under  the  microscope,  appeared  by  the 
distribution  of  some  of  the  faces  to  be  rectangular ;  he  likewise 
mentions  some  thin  white  crystals,  that  are  not  mica. 

Dr.  Johnston -Lavis  has  courteously  allowed  me  to  examine  the 
specimen  described  by  Scacchi.  I  have  been  able  to  recognize  on 
it  a  pyroxene  (augite),  mica,  and  I  have  determined  the  form  of  the 
amphibole  crystals,  which  was  not  done  by  Scacchi. 

*  H.  J.  Johnston-I-iaTis,  **Belatioii8hip  of  the  Structure  of  Igneous  Bocks  to  the 
Conditions  of  their  Formation,'*  Scientific  Proc.  Royal  Dublin  Soc.,  vol.  v,  n.s., 
pp.  112-156;  also  CI.J.G.S.,  yoI.  xli,  pp.  103  106. 

*  A.  Scacchi,  *'  Sulle  ossa  fossile  trovate  nel  tufo  dei  vulcani  fluoriferi  della 
Campania,**  Atti  dell*  Ace.  delle  Scienze  di  Napoli  1888,  p.  6 ;  and  also  **  La  Regione 
▼nicanica  fluorifera  della  Campania,'*  Mem.  del  R.  Comitato  Geoligico  Ital.,  2nd 
ediz.y  Firenze,  1890,  p.  34. 
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Awiphibole  (HambUmde), 

Observed  forms  (110),  (010),  (100),  (001),  (111).  ThefaoeBare 
Tery  small  (0*2  mm.)  and  feebly  reflecting;  the  observed  avenge 
Inclinations  differ  by  abont  half  a  degree  from  the  caloalaled 
inclinations.  The  crystals  have  a  black  colour,  resinous  lustre,  and 
are  opaque. 

Pyroxene  {Augite). 

•    Observed  forms  (110),  (010),  (100),  (111).» 

Average  of  obwrred  angles.       Namber  of  obaerratioiia.       Calculated  aagkii 

110  A  010    43^10'  8  43*"  31^ 

110  A  100    46^46'  3  46*^2^ 

111  A  010    60**    C  1  W%^ 

The  crystals  elongated  in  the  axis  0  are  extremely  small,  bot 
have  brilliant  faces,  vary  in  colour  from  greenish  to  brownish- 
yellow,  vitreous  lustre,  are  translucent,  and  exhibit  marked  chromatie 
polarization.  On  the  bigger  crystals  are  implanted  obliquely  smaller 
ones,  in  both  of  which  when  digested  in  U  CL  no  alteration  could  be 
observed,  except  slight  discolouration. 

"Mica  occurs  in  hexagonal  laminae,  very  small  in  size,  and  very  thin. 
•Very  rarely  with  a  strong  lens  can  the  faces  of  the  sone  (001)  be 
distinguished.  The  colour  is  brownish,  more  or  less  dull,  the  lottre 
between  adamantine  and  pearly,  and  the  laminae  are  translucent 
In  some  cases  the  mica  is  altered,  opaque,  and  has  a  submetallio 
lustre.  Under  the  microscope  the  more  coloured  laminae  show 
distinct  dichroism,  and  are  distinctly  biaxial,  normal  to  the  base; 
but  on  account  of  their  extreme  thinness  they  do  not  give  in 
convergent  polarized  light  very  distinct  curves.  In  a  large  pro- 
portion of  the  crystals  phenomena  of  reabsorption  with  the  production 
of  ferrite  have  taken  place,  and  some  are  completely  transformed  into 
a  mass  of  this  mineral. 


VIII. — Note  on  a  Contact-Rook  from  Suap. 
By  W.  Matnahd  Hutchinos,  F.G.S. 

ONE  of  the  contact-rocks  from  Shap,  which  I  collected  a  few 
years  ago,  has  always  presented  some  points  of  special  interest; 
and  in  view  of  a  recent  careful  re-examination  of  it,  microscopical 
and  chemical,  I  think  a  few  remarks  upon  it  may  not  be  out  of  place. 

It  occurs  on  the  slope  of  Wasdale  Pike,  high  up  above  the  farm- 
house of  Wasdale  Head,  and  appears  to  be,  in  the  main,  the  same  as 
the  rocks  which  are  described  by  Harker  and  Marr  in  their  paper 
on  the  district  (Quart.  Joum.  Geol.  Soc.,  vol.  xlvii,  1891),  and  of 
which  they  say  (p.  808)  that  they  *'  have  a  very  distinct  lamination, 
and  give  in  the  field  a  suggestion  of  crystalline  schists,  or  even  of 
gneisses."  This  description  applies  fully  to  the  specimens  collected 
by  me  from  a  point  about  15  feet  from  the  actual  contact 

I  first  examined  the  rock  a  year  before  I  had  the  pleasure  and 
advantage  of  going  over  the  ground  with  Mr.  Marr,  when  I  had  no 

^  The  formula  of  the  faces  are  those  of  Miller,  and  the  calculated  angles  are  those 
in  Dana's  Mineralogy. 
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Icnowledge  whatever  of  the  distriot  round  the  granite ;  and  from  its 
cbanioter,  maoroaoopio  and  miorosoopic,  I  eet  it  down  aa  an  altered 
Bedimentary,  probably  a  slate,  with  little  or  no  quartz.  Mr.  Marr, 
however,  informed  me  that  it  is  an  altered  ash,  and  it  waa  sub- 
sequently BO  desoribed  by  him  and  Mr.  Marker. 

It  is  BO  highly  altered  and  completely  regenerated  that  not  a 
particle  of  original  material  is  left,  and  so  far  as  miero$copie 
examinaiion  went,  it  was  mainly  on  the  strength  of  the  presenoe  of 
certain  new  minerals,  usually  connected  with  altered  sedimentary 
rocks,  that  the  erroneous  inference  was  drawn  which  was  corrected 
by  Mr.  Marr's  minute  knowledge  of  the  field -relationships  of  the  beds. 

The  most  striking  point  in  the  mineralogical  constitution  of  the 
rock  is  that  it  contains  a  considerable  amount  of  both  sillimanite 
and  andalusite,  the  specimens  in  question  being  the  only  onea 
collected,  either  by  Hiarker  and  Marr  or  by  myself,  which  show 
the  presence  of  either  of  these  minerals  in  an  altered  rock  at  Shap. 

There  is  nothing  of  note  about  the  abundant  andalusite,  but  the 
sillimanite,  in  addition  to  bundles  of  very  slender  needles  and  fibres, 
forms  some  rather  unusually  fine  prismatic  crystals. 

As  has  been  previously  pointed  out,  this  is  the  only  recorded 
instance  of  the  formation  of  sillimanite  and  andalusite  in  altered 
volcanic  material,  and  it  is  so  far  deserving  of  notice  as  being  an 
additional  proof  that  the  chemteal  composition  of  the  rocks  invaded, 
and  not  their  mode  of  origin  or  their  mineralogical  constitutioi), 
influences  the  nature  of  the  new  minerals  formed  under  the  efifeots 
of  contact-action. 

Other  minerals  present  are  magnetite,  apatite,  a  good  deal  of 
perfectly  colourless  garnet,  in  rounded  and  irregular  grains  without 
any  crystal  faces,  a  little  white  mica,  and  a  still  smaller  amount  of 
biotite,  both  of  the  latter  irregularly  diffused  in  small  patches. 

By  far  the  main  portion  of  the  rock  is  made  up  of  felspar,  in 
a  mosaic  of  very  varying  degrees  of  development  as  to  size  of  grain 
and  distinctness  of  individuals,  It  is  beyond  all  question  completely 
a  new  formation,  and  among  all  the  slides  of  contact-rocks  which 
I  have  studied  I  have  never  seen  so  complete  and  striking  a  develop- 
ment of  the  mineral,  due  entirely  to  con  tact -action,  as  in  this  case. 

A  large  part  of  it  is  very  fine-grained  and  acts  as  a  sort  of  ground- 
mass.  In  this  occur  many  larger  individual  grains  of  the  felspar, 
easily  identified  as  such,  and  several  patches  in  each  slide  made  up 
of  a  mosaic  of  interlocking  grains  of  strikingly  larger  dimensions. 

Quartz  is  either  absent  or  very  sparingly  represented.  If  present, 
it  is  only  in  the  most  fine-grained  part  of  the  mosaics,  as  it  cannot 
be  identified  in  the  coarser  parts. 

Many  of  the  felspar-grains,  especially  in  very  thin  slides,  show 
a  very  fine  lamination  or  striation,  best  seen  in  polarized  light.  In 
smaller  grains  it  makes  more  the  effect  of  the  minute  striation  which 
has  been  recognized  as  frequently  characterizing  contact- felspar,  hut 
.in  the  larger  grains  of  the  rock  it  is  often  developed  in  a  very  much 
higher  degree,  there  being  also  various  intermediate  stages.  Taking 
.the  larger  grains  only,  this  lamellation  in  polarized  light  may  be  seen 
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passing  dowri  to  a  degree  of  fineness  which  is  only  ju!it  capable  of 
-definition  with  moderately  high  [towers  and  good  illumination,  and 
there  are,  again,  grains  in  which  it  is  not  seen  at  all.  The  same  is 
true  of  the  grains  of  more  moderate  size,  and  among  these  some  few 
of  them  which  are  not  striated  are  single  twins,  extingpiishing  qnite 
parallel  and  safely  referable  to  orthoclase. 

Among  the  larger  grains  a  good  number  have  cleavage  distinctly 
developed,  and  by  patiently  searching  among  these,  cases  may  be 
found  in  which  there  is  emergence  of  a  positive  bisectrix  nearly 
central,  with  an  extinction-angle,  measured  against  the  well-marked 
cleavage,  of  10°  to  12°— very  often  12°  exactly. 

I'hese  characteristics — the  minute  lamellation  passing  down  into 
such  a  degree  of  fineness  that  it  cannot  any  longer  be  made  out,  and 
the  extinction-angle  of  about  12°  on  m  flakes — seem  to  indicate  that 
we  are  dealing  with  a  felspar  similar  in  nature  to  that  which  occurs 
in  pegpnatitic  veins  at  Frederiksvarn,  in  connection  with  the  so- 
called  soda-orthoclase,  with  which  it  appears  to  be  intimately 
related  by  passages  from  one  to  the  other,  with  a  similar  chemical 
composition  in  both  cases. 

Brogger  has  concluded  that  this  lamellar  felspar  at  Frederiksvarn 
is  a  microscopic  intergtowth  of  orthoclase  and  albite — a  micro- 
pertbite — passing  down  into  a  sub-microscopic  degree  of  intergrowth 
which  cannot  be  resolved  by  the  microscope,  and  which  he  designates 
as  crypt<»perthite. 

The  analysis  of  the  felspar  from  Frederiksvarn  shows  about 
7'5  per  cent,  of  potash  to  7  per  cent,  of  soda,  and  Rosenbusch  points 
out  that  the  extinction-angle  of  12°  corresponds  approximately  to 
the  medium  angle  between  orthoclase  on  the  one  hand  and  albite  on 
the  other. 

As  a  further  test  of  the   probable  nature  of  this  felspar  in  the 

Shap  rock,  I  have  recently  carefully  analysed  an  average  sample  of 

a  large  hand-specimen,  with  the  following  result: — 

per  cent. 

Silica 63- 10 

AlaniinB 2360 

Ferric  oxide 8 '50     Feirou*  oxide  not  determined. 

Lime 3- 16 

Magnesia 1*62 

Potash 4-67 

Soda 405 

■  Water 0*55 

99-25 
It  will  be  seen  that  the  relative  proportions  of  potash  and  soda 
do  not  vary  appreciably  from  those  in  the  Frederiksviirn  felspar, 
and  as  the  alkali- bearing  minerals  present  in  this  rock,  other  than 
felspar,  are  quite  insignificant  in  amount  (merely  the  very  small 
proportion  of  micas)  we  may  look  on  all  this  alkali  as  practically 
representing  the  felspar.  This  makes  the  resemblance  to  the 
Frederiksvarn  mineral  satisfactorily  complete,  and  it  is  an  in* 
teresting  thing  to  observe  its  occurrence,  as  a  new  formation,  in 
a  rock  altered  by  contaot-aoVvotL.    The  case  is  of  all  the  mora 
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interest  beoaaae  it  does  not  seem  nnreasonable  to  believe  that  the 
fine  striation  seen  in  the  felspars  of  so  many  oontact-rooks  is  really 
due  to  the  same  thing,  though  it  is  not  possible,  in  most  oases,  to 
obtain  snoh  good  evidence,  mioroscopioal  and  chemical,  as  this 
special  rock  has  afforded. 

If  we  further  glance  at  the  analysis  we  see  that  it  gives  a  striking 
proof  of  the  incorrectness  of  the  supposition,  sometimes  made, 
that  high  peroentage  of  alkalies  tends  to  exclude  the  formation  of 
sillimanite  and  andalusite.  Both  minerals  are  abundant  in  this  rock, 
and  yet  the  alkali-percentage  is  certainly  high. 

If  the  alkalies  are  calculated  all  as  orthoclase  and  albite  they 
correspond  to  61*72  per  cent  of  felspars,  and  we  may  take  this 
as  approximately  the  amount  of  those  minerals  present  in  the  rook. 
The  high  percentage  of  alumina  is  rather  puzzling  in  a  rock  which 
is  an  altered  ash.     Indeed,  taking  the  analysis  as  a  whole,  had  I 
made  it  at  the  time  when  I  looked  on  the  rock  as  being  an  altered 
slate,  I  should  have  regarded  the  chemical  composition  as  strongly 
confirming  this  view,  as  the  analysis  harmonizes  better  with  this 
than  with  any  other  supposition.     Indeed,  with  the  exception  of 
the  fact  that  the  alkali-total  is  rather  high,  and  the  relative  pro- 
portions of   potash  and  soda  are   different,   the    figures  are   not 
strikingly   unlike  those  of   some  of    the  analyses   I  gave,   in   a 
fonner  paper,  of  Carboniferous  clays.      And  the  resemblance  is 
still    closer  to  some   Lower  Carboniferous  shales  which   I   have 
analysed  more   recently,  in  which  the  alkalies  range  from  7  per 
cent,  to  over  8  per  ceut.^ 

Of  course  the  exact  determination  of  the  nature  of  this  bed  by 
Harker  and  Marr,  from  detailed  study  of  the  field  evidence,  is  quite 
conclusive ;  and  so  this  rock  possesses  one  more  useful  point  of 
interest,  as  it  affords  an  instructive  example  of  the  danger  and  little 
value  which  may  attach  to  conclusions  drawn  from  laboratory  studies 
of  specimens,  without  due  regard  to  careful  investigation  on  the 
ground. 

IX. — On  Glauoomite  from  Woodburn,  Carriokfergus, 

Co.  Antrim. 

By  A.  Pbkcy  IIoskins,  F.I.C,  F.C.S. 

GLAUCONITE  may  be  described  as  essentially  a  hydrous  silicate 
of  iron  and  potash,  but  of  very  variable  composition,  and 
generally  containing  varying  proportions  of  other  bodies,  such  as 
alumina,  lime,  and  magnesia.  It  is  found  at  different  horizons  in 
the  whole  geological  series  of  rocks  from  the  Cambrian  up  to  the 
most  recent  Tertiary  layers,  and,  indeed,  is  particularly  interesting 
in  being  one  of  the  very  few  silicates  which  are  in  actual  process 
of  formation  on  the  sea-bed  at  the  present  time.  The  physical 
characteristics  of  glauconite  grains  are  practically  the  same  through- 
out the  series,  the  normal  colour  being  dark  green,  but  sometimes 

1  See  also  an  analyns  by  me  of  one  of  the  altered  Silurian  ^^flaes"  at  Shap 
(6bol.  Mao.,  January  and  February,  1894),  in  which  the  total  alkali  is  close  oa 
8  per  cent. 
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beiiifi^  yellowish,  greyish,  or  even  almost  red.  Theee  ▼ariations  of 
oolour,  howeTor,  mean  at  least  the  oommenoement  of  deoompnsifioii. 
'Ihe  f<ize  of  the  grains  is  usually  about  one  millimetre  in  diameter, 
and  although  much  larger  masses  are  sometimes  found  these  sro 
merely  agglomerations  of  the  smaller  grains.  Under  the  microsoope 
the  grains  appear  quite  homogeneous  unless  some  foreign  body  is 
enclosed,  or,  as  sometimes  occurs,  the  commencement  of  decomposi- 
tion gives  a  more  or  less  Eonary  appearance  to  them. 

I'he  following  details  have  b^n  given  me  by  Miss  8.  M.  Thompson, 
who  kindly  forwarded  me  the  specimen  used  for  analysis:  "The 
glanconite  grains  occur  in  a  cliff  of  the  so-called  'chloritic  sandstone' 
division  of  the  Upper  Oreensand.  The  Woodbum  River  has  oot 
through  the  Cretaceous  rocks  in  the  Knockagh  Mountains,  and  hss 
exposed  this  face  of  highly  fossiliferous  greensand."  The  specimens 
were  collected  from  a  calcareous  sandstone,  below  the  sone  of 
Inoceramui  Crispi, 

The  nietho<l  adopted  by  Miss  Thompson  for  obtaining  the  grains 
was  this :  I1ie  rock  was  pulverised  and  wa»hed  in  a  muslin  bag 
until  the  water  ran  off  tolerably  clear ;  the  powder  was  dried  and 
sifted  through  coarse  muslin,  and  then,  with  the  help  of  a  lens  of 
low  magnifying  power,  the  grains  of  glanconite  were  picked  up  by 
means  of  a  very  fine  sable- brush  moistened  in  a  tiny  vessel  of 
distilled  water,  into  which  the  collected  grains  were  dropped  from 
the  brush.  The  field  of  the  lens  was  large  enough  to  admit  of  this 
little  vessel  of  water  and  a  tray  of  glossy  brown  paper  (upon  which 
pinches  of  the  powdered  rock  were  shaken)  at  tlie  same  time,  so 
that  no  time  was  lost  in  dropping  the  glanconite  into  the  water 
as  quickly  as  it  was  gathered.  Great  care  was  taken  to  have  the 
grains  as  uniform  as  possible  in  siee  and  colour.  The  sample 
received  for  analysis  weighed  a  little  over  one  gramme.  It  con- 
sisted of  dark  green  granules  of  rather  less  than  one  millimetre  in 
diameter,  very  homogeneous  and  of  a  rounded  contour,  intermixed 
with  a  few  white  particles.  The  grains  were  soft  and  readily 
powdered.  The  powder  was  treated  with  cold  dilute  hydrochloric 
acid/  to  remove  any  residue  of  calcium  carbonate,  was  well  washed, 
and  dried  at  90^  C.  in  an  air-bath,  and  the  resulting  green  powder 
was  taken  for  analysis. 

.  0*3575  grm.  was  decomposed  with  moderately  concentrated  sulphuric 
acid,  the  silica  separated  in  the  ordinary  way,  and  the  solution  used 
for  the  determination  of  total  iron,  alumina,  lime,  magnesia,  potash, 
and  soda  by  the  usual  methods.  0*1975  grm.  was  ignited  for  combined 
water  and  organic  water.  0*2780  grm.  was  decomposed  by  heating  in 
a  current  of  CO,  with  moderately  concentrated  sulphuric  acid,  and 
triturated  with  standard  permanganate  of  potash  for  ferrous  oxide. 
The  results  obtained  are  given  in  Column  I. 

*  Careful  BubBequent  investigation?  show  that  any  decomposition  which  may  occur 
during  this  preliminary  treatment  with  dilate  acid  has  an  inappreciable  effcK;t  upon 
the  figures  of  the  final  analysis.  Prolonged  treatment  with  dilute  acid  tends,  how- 
ever, to  remove  iron,  etc.,  and  to  heighten  the  percentage  of  silica  in  the  residue. 
Thus  a  cold  solution  containing  only  0*5  per  cent,  hycbochloric  acid,  acting  for 
39}  hours,  extracted  25  per  cent,  by  weight  of  the  constituents  of  the  glanconite. 


A.  Vtrey  BoskAis — Olauconiie  from  Antrim.  819 

Remembering  what  has  been  already  said  npon  the  variable 

composition  of  glauoonite,  it  is   not  surprising  to  find  that  this 

example  shows  some  deviations  from  the  figures  given  for  other 

glauoonitesy  although  in  some  particolars  these  dififerenoes  are  note* 

worthy.   To  illustrate  this,  and  also  to  show  how  other  glauoonites 

Tary  among  themselves,  two  summaries  of  analyses  are  appended. 

Column  II  shows  the  mean  of  analyses  by  Sipoos  of  four  samples 

of  marine  glanoonite  from  the  "Deep  Sea  Deposit"  volume  of  the 

"Challenger"  Beport'    These  were  all  taken  at  a  depth  of  410 

fathoms,  and  in  lat  34^  13'  S.  and  long.  151^  38'  E. ;  yet,  taken 

as  they  were  from  praotioally  the  same  spot,  the  variations  are  most 

pronounced,  especially  in   the  essential  constituents,  silica,    ferric 

oxide,  potash,  and  water.    Our  Woodbum  glauoonite  shows,  however, 

many  differences  from  all  these  "Challenger"  analyses,  and  we  may 

note  among  the  essentials  that  the  silica  is  over  13  per  cent,  lower 

than  the  mean  of  the  four,  and  more  than  ten  per  cent  lower  than 

the  least  of  these ;   the  ferric  oxide,  though  higher  than  the  lowest, 

is  still  more  than  four  per  cent,  less  than  the  mean ;  the  potash  is 

nearly  double  the  highest  figure  given  by  the  four,  while  the  water 

is  somewhere  about   the  mean.      One  great  difference  observable 

is  in  the  ferrons  oxide,  where,  against  a  maximum  of  1*95  per  cent; 

in   the   modem  marine  glauoonite,  the  Woodbum  sample   shows 

16*81  per  cent. 

Below  I  have  given  a  rSswnS  of  twelve  analyses  of  glauoonite 
from  rocks  which  may  be  regarded  as  fairly  similar  to  ours,  and 
which  are  published  in  Dr.  C.  Hintze's  "  Handbuch  der  Mineralogie."' 
In  their  selection  I  have  been  aided  by  Prof.  Cole.  Here  again, 
though  we  might  fairly  expect  a  closer  correspondence  with  our 
own  than  in  the  case  of  the  modem  glauoonite,  we  find  in  com- 
paring them  with  each  other,  and  with  our  Woodbum  mineral,  the 
same  discrepancies  in  nearly  every  particular,  the  silica,  for  instance, 
varying  from  58  per  cent,  to  a  little  over  43  per  cent.,  which  figure 
is,  however,  still  somewhat  higher  than  ours.  It  will  be  noticed, 
however,  that  the  ferrons  oxide,  which  is  so  low  in  the  modern 
glauoonite  of  Table  1,  gives  us  in  Table  2  figures  much  more  nearly 
agreeing  with  the  glauoonite  of  Woodburn. 

The  one  point  which  does  seem  to  come  out  clearly  in  this 
comparison  is  the  relative  poverty  in  silica  of  the  Woodburn 
specimen,  though  even  that  is  not  much  below  the  lowest  in  value 
in  the  mineral  analyses  quoted.  In  this  connection  it  is  worth 
noting  that  in  the  '*  Challenger "  results  the  percentage  of  Bilica  is 
lowest,  and  that  of  potash  is  highest  in  those  cases  in  which  the 
green,  and  especially  the  dark-green,  casts  predominate,  casts 
agreeing  in  appearance  with  those  composing  the  whole  of  our 
Woodburn  specimen.  Whether  this  is  merely  a  coincidence,  or  has 
a  definite  significance,  is  not  as  yet  certain.  The  fact  that  where 
the  dark-green  casts  are  most  numerous  the  mineral  particles  and 

*  Report  on  scientific  reaulta  of  the  voyage  of  H.M.S.  "Challenger"  ;  "Deep 
Sea  Depoeita"  (1891),  pp.  458-460. 

-  Hintze,  "Handbnch  der  Mineralogie,'*  p.  860.  Analyses  I,  II,  IV-XI, 
XIII,  and  XIV. 
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Biliceoua  organisms  are  few,  probably  aocoanta,  to  a  large  extent,  for 
the  variatiou  in  silica. 

It  is  just  possible  that  at  Woodbum  the  alkalies  may  be  introduced 
into  minerals  capable  of  retaining  them  in  combination,  throogh  the 
percolation  of  waters  from  the  large  salt  deposits  of  Carrickfergus. 

It  may  be  interesting  here  to  notice  the  figures  given  in  Column  III, 
from  the  volume  of  the  ** Challenger"  Report  referred  to  above,  for 
a  reddened  ^lauconite  in  which  the  silica  is  exceptionally  low. 
To  this  analysis  the  following  remark  is  attached  :  ''  The  high 
percentage  of  ferric  oxide  and  water  points  to  a  decompositicm  of 
this  mineral,  which  has  been  traQ8foi*med  into  limonite,  as  is  often 
the  case  in  glauconite  from  the  geological  strata,  with  loss  of  silicio 
acid  and  potanh,  but  this  explanation  can  hardly  be  given  for  this 
specimen,  which  consists  of  casts  from  a  coral  sand."  But  no 
alternative  suggestion  is  made,  and  neither  will  the  suggestion  hold 
in  the  case  of  our  own  glauconite;  for,  while  the  silica  is  low, 
neither  the  ferric  oxide  nor  the  water  is  particularly  high,  while 
the  potash  is  seemingly  higher  than  usuaL  Moreover,  tbe  casts  are 
green,  and  show  no  signs  whatever  of  decomposition  into  limonite. 
Professor  Cole  has  suggested  that  possibly  in  the  course  of  ages 
Bilica  has  actually  been  abstracted  in  solution;  but  in  this  case, 
since  the  silica  must  have  been  in  combination  when  present  in  the 
mineral  the  grains  should  show  some  signs  of  the  decomposition 
which  must  have  taken  place,  and  no  such  signs  are  visible,  llie 
only  conclusion  to  be  arrived  at  in  the  present  state  of  our  informa- 
tion is  that  the  glauconite  from  Woodburn,  when  originally  formed, 
was  a  variety  containing  an  unusually  small  percentage  of  silica. 

I  trust  I  may  have  a  further  opportunity  of  examining  specimens 
of  glauconite  from  this  locality,  with  a  view  to  determining 
whether  the  material  is  constant  in  composition  in  different  zones. 

In  conclusion  I  wish  to  express  my  sincere  thanks  for  the  kind 
assistance  I  have  received  from  Miss  S.  M.  Thompson,  of  Macedon, 
Belfast,  and  Professor  Grenville  A.  J.  Cole,  of  the  Hoyal  College  of 
Science,  Dublin,  in  the  preparation  of  this  note. 

I.  11.  III. 

Glauconite  of  Wood-    Mean  of  four  analpes    Reddened  glauconite, 
bum,     Co.     Antrim    of    glauconite    given  155  fms.  ; 

(A.    P.    Hoskins).       in  the  "^ChaUenger'        lat.  11°38' 15' S.. 

Eeport  on  Deep  Sea    long.  143°  69' 38"  E.; 
Deposits"  (Sipocz).       "'Challenger' Report 

on  Deep  Sea  Deposits,'* 
p.  460  (Sipocz). 

Si  O3  4000  53-61  2774 

AI2O3 1300  9-56  1302 

Fe2  03 16-81  21-46  3993 

FeO   1017  1-58  1-76 

CaO   1-97  1-39  119 

MgO 1*97  2-87  4-62 

K2O    8-21  3-49  0-95 

NaaO 2-16  0*42  0  62 

H2O  619  6-96  10-85 

Total 100-48  100*34  100*68 
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Bdtum^  of  twelve  analTses  of  frlauconite  selected  from  those  qaoted  by  Dr.  C. 
Hintze,  '^Handbuch  der  Mineralogie/'  p.  850  (1892). 

Mean.  Max.  Min.                   Bemarks. 

SiOa   60-27  6817  4300 

FejOa 17*94  32-80.  NU.     Not  stated  in  three  analyses. 

AlaOg 6-69  1009  1-60 

FeO    816  21-78  2-64 

CaO    0-78  8-21  Nil.     Absent  in  eight  analyses. 

MgO  2-29  6-21  Nil.      Absent  in  four  analyses. 

K2O    612  8-79  310 

Na2  0 ?  091  0-21     Only  occurs  in  two  analyses. 

HnO   8-23  14-70  4-71 


99-48 


X. — Notes   on    "Thb    Great  Ice    Age"    in    Relation   to  the 

Question  of  Submbrobmce. 

By  DuoALD  Bell,  F.G.S. 

THE  new  edition  of  Dr.  Geikie's  esteemed  work  has  already 
been  noticed  at  some  length  in  this  Magazine.^  The  present 
writer  desires  to  add  some  notes — freely,  but  with  all  respect  to 
the  author— on  a  special  part  of  the  subject,  viz.  that  relating  to  the 
"  high-level  shelly  deposits,"  and  their  bearing  on  the  question  of 
suhmergence  during  the  Glacial  epoch. 

I. 

In  his  "  Fragments  of  Earth-Lore,"  published  about  two  years 
ago.  Dr.  G^ikie  intimated  that  he  no  longer  believed  in  a  "great 
submergence,"  during  which  the  British  Isles  were  "  largely  "  sunk 
under  the  sea.  **  The  marine  shells,"  he  said,  "  in  the  high-level 
drift  deposits  of  our  islands  are  'erratics'  carried  by  the  ice-sheet 
which  occupied  the  basin  of  the  Irish  Sea.  That  the  low  grounds 
were  submerged  to  some  extent  before  the  advent  of  that  ice-sheet, 
there  seems  to  be  little  doubt ;  but  the  amount  of  the  submergence 
has  not  been  ascertained, — probably  it  did  not  exceed  a  few 
hundred  feet."' 

This  announcement  was  extremely  gratifying  to  those  who  for 
some  years  past  had  been  calling  in  question  any  '*  great  sub- 
mergence," and  pointing  out  the  striking  lack  of  evidence  in  its 
favour. 

It  turns  out,  however,  that  though  Dr.  Geikie  thus  abandoned 
a  "great  submergence"  of  about  1400  feet,  which  was  thought  to 
be  proved  by  "  fragments  of  marine  deposits  "  in  Wales  and  Ireland, 
lie  still  holds  by  one  of  from  5U0  to  GOO  feet,  which  he  seems  not 
to  consider  **  great "  (though  demonstrably  it  would  have  placed  the 
British  Isles  very  "largely"  under  water),  and  the  proof  of  which 
depends  on  one  or  two  instances  of  "  higli-level  shelly  clay  "  found 
in  tlie  west  and  north  of  Scotland.  Indeed,  we  may  say  it  now 
depends  on  only  one  instance,  for  the  other  is  in  this  edition 
"conspicuous  by  its  absence." 

'  See  January,  1896. 
'  Op.  cit.  p.  173. 
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ChapelhalL — ^We  allu<1e  to  Chapelhall,  near  Airdrie,  which  for 
Bome  forty  years  has  been  the  *'  Htock  *'  instanoe  to  prove  a  sub- 
mergence  in  Scotland  of  about  500  feet.  In  the  preceding  edition 
of  this  work,  Dr.  Geikie  made  much  of  thiH  instance,  referring  to 
it  repeatedly  as  clearly  proving  submergence.  "Evidently,"  he 
said,  "this  shelly  clay  marks  an  old  sea-bottom,  when  the  sea 
rose  not  less  (indeed  certainly  more)  than  526  feet  above  its  present 
level."  And  he  proceeded  to  point  out  the  great  series  of  changes 
to  which  the  section  bore  witness:  (1)  "a  time  when  the  gn*at 
central  valley  of  Scotland  brimmed  with  glacier  ice  " ;  (2)  a  time 
when  "  a  free  ocean  flowed  over  the  site  of  the  district  in  question '' ; 
and  (3)  a  time  when  "another  mighty  ice-sheet  again  overflowed 
the  land."  ^ 

This  Chapelhall  section  was  thus  of  capital  importance  to  Dr. 
Oeikie  in  working  out  the  details  of  the  Glacial  period ;  and,  as 
we  have  seen,  he  made  much  of  it  What  does  he  say  about  it  in 
the  present  edition  ?  Absolutely  nothing  I  It  is  dropped  out  of 
view  entirely,  without  a  word  of  explanation  I 

We  submit  this  is  apt  to  be  extremely  puzzling  to  his  former 
readers.  They  will  naturally  wonder  why  Chapelhall  is  now  so 
completely  set  aside  and  ignored.  Of  course,  if  they  have  any 
curiosity  in  the  matter,  they  may  learn  from  other  sources — but 
why  not  also  here? — the  simple  facts.  The  meagreness  of  the 
evidence  on  which  this  instance  rested  having  been  pointed  out, 
and  doubts  having  been  expressed  as  to  whether,  in  any  case,  the 
"  deposit "  was  "  in  place,"  a  re-examination  of  the  locality  was 
made  by  a  committee  appointed  for  the  purpose.  The  result  was 
entirely  negative;  no  trace  of  the  "shelly  clay"  could  be  found!* 
This  accounts  for  its  total  disappearance  from  Dr.  Geikie*t  book. 
Still,  as  we  say,  its  absence  might  have  been  alluded  to,  and  a  brief 
Jit  Memoriam  inserted  where  it  once  figured  so  largely.  It  seems 
scarcely  becoming  to  let  one's  favourite  facts  thus  sink  out  of  sight — 

**  Without  the  meed  of  Bome  melodious  tear !  " 

But,  "  fortunately  "  (as  another  eminent  writer  used  to  say  when 
facts  were  found  to  suit  his  theory) — "  fortunately,"  since  his  last 
edition  was  published,  another  instance  has  emerged  on  which,  now 
that  Chapelhall  has  "collapsed,"  Dr.  Geikie  can  still  take  his  stand 
in  maintaining  a  submergence  of  about  500  feet  lliat  instance  is 
Clava,  in  the  valley  of  the  Nairn,  near  Inverness,  which  now  takes 
the  place  of  Chapelhall  superseded  or  defunct.  Dr.  Geikie  makes 
up  for  his  reticence  regarding  Chapelhall  by  a  full  and  particular 
account  of  Clava.  If  we  may  adapt  a  well-known  Scotch  story, 
it  is  now  the  "a'e  button,"  which  has  to  bear  a  quite  enormous 
"  responsibility."  It  must  therefore  be  looked  to  with  some  degree 
of  care. 

Clava, — This  shelly  clay  was  described  by  Mr.  J.  Fraser  some 
years  ago^  as  occurring   underneath   Boulder-day  at  a  height  of 

*  Second  edition,  pp.  175-6. 

'  See  Trans.  Geol.  Soc.  Glas.,  toI.  ix.     Beports  Brit.  Assoc.,  1894. 

'  Trans.  Edin.  Geol.  Soc,  vol.  iv. 
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o03  feet  above  the  sea,  and  indioating  a  submergence  of  at  least  that 
amount  "  prior  to  the  accumulation  of  the  overlying  Boulder-clay." 
Dr.  Oeikie  continues — "  Doubt  having  been  expressed  as  to  whether 
the  shelly  clay  was  really  in  »iiu,  a  committee  appointed  by  the 
British  Association  duly  investigated  the  beds.  .  .  .  llie  majority 
of  the  committee  ....  are  of  opinion  that  the  shell-bed  is  in  siivk. 
....  The  minority  ....  incline  to  the  view  that  the  shelly  clay 
is  not  in  eitu,  but  has  been  dragged  or  pushed  into  its  present 
position  by  a  nier  de  glace  ....  from  the  basin  of  Loch  Ness."  It 
is  admitted  that  "the  stones  in  the  overlying  Boulder-clay,  and 
the  trend  of  the  glaciation  of  the  neighbourhood,  indicate  an 
ice-movement  from  south-west."  ^ 

Dr.  Oeikie,  not  content  with  merely  stating  the  facts,  takes  side 
strongly  with  the  majority  on  this  question,  and  indulges  in  some 
mild  pleasantry  at  the  '*  remarkable  performance "  which  the 
minority  ascribe  to  tlie  glacier-ice.  Well,  it  is  very  much  a  choice 
of  difficulties ;  but  we  shall  perhaps  see  immediately  that  more 
remarkable  performances  are  required  by  Dr.  Geikie's  explanations 
of  the  phenomena,  and  on  his  own  showing,  not  only  for  the  ice,  but 
also  for  the  sea  and  for  the  solid  land  I 

We  are  told  that  the  minority  "appear  to  have  adopted  this 
peculiar  explanation  of  the  evidence  because  they  cannot  find  else- 
where any  proofs  of  a  submergence  of  the  land  during  Glacial  times  " 
[i.e.  to  anything  like  the  same  extent,  or  beyond  **  100  feet  or  there- 
abouts"]. "They  think  that  if  Scotland  had  ever  been  depressed 
to  the  extent  of  500  feet,  the  sea  would  have  left  abundant  evidence 
of  its  former  presence."  Precisely ;  and  in  this  Dr.  Geikie  might 
have  been  expected  to  agree  with  them.  Beferring  to  the  "  Till  "  of 
Northern  Europe,  he  writes — "  No  evidence  of  marine  action  in  the 
formation  of  the  stony  clay  is  forthcoming — not  a  trace  of  any  sea- 
beach  has  been  detected.  And  yet,  if  these  clays  had  been  laid  down 
in  the  sea  ....  surely  such  evidence  as  I  have  indicated  ought  to 
be  met  with."'  Why,  then,  is  he  so  severe  upon  the  minority  for 
thinking  that  if  Scotland  had  been  submerged  to  the  extent  of 
500  feet  "  the  sea  would  have  left  abundant  evidence  of  its  former 
presence  "  ? 

And  why  is  the  minority's  explanation  "  peculiar  "  ?  It  cannot  be 
so  in  itself,  as  the  numerous  instances  of  shells  and  shelly  clay 
imbedded  in  "Till,"  to  which  reference  is  made  in  this  volume, 
abundantly  show.  Besides,  it  is  distinctly  adopted  by  the  author 
himself  to  account  for  deposits  of  "  marine  drift"  at  an  elevation  of 
1400  feet  in  North  Wales.^  The  uplifting  of  these  deposits  to  such 
a  height  by  the  ice  is  surely  a  much  more  "reniarkable  performance" 
than  the  transport  of  those  at  Clava  to  only  500  feet.  Indeed,  it  is 
not  easy  to  see  on  what  principle,  having  admitted  the  transport  by 
ice  of  marine  remains  to  a  height  of  14:00  feet,  one  can  make  a  stand 
against  admitting  their  transport  by  the  same  agency  to  a  height  of 
500  feet.     In   this   case,  surely  the  greater  includes  the  less,  and 

»  "  Great  Ice  Agre,''  pp.  139-141. 
»  p.  433.  ^  pp.  160,  281,  371. 
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makes  the  less  not  only  probable,  but  in  many  cases  perfeotly 
certain. 

But  perhaps  it  is  meant  that  there  is  something  "  peculiar  "  in  the 
Clava  deposit  itself,  whiuh  forbids  this  explanation  being  applied  to 
it.  Its  '* extent"  is  referred  to,  and  its  "maintaining  a  horizontal 
position,  and  exhibiting  no  trace  of  deformation  or  distorbanoe." 
These  are  points,  however,  on  which  the  evidence,  as  given  in  the 
Keport,  does  not  appear  to  be  at  all  conclusive ;  on  one  or  two  of 
them,  indeed,  it  inclines  quite  the  other  way.'  We  believe  it  can  be 
shown,  keeping  to  what  is  proved  in  the  Report,  that  whatever 
difficulties  the  features  of  the  deposit  present  on  the  one  hand 
to  the  ice-transport  theory  they  present  still  greater  difficulties  on 
the  other  to  the  theory  of  a  marine  deposit  tii  stfv.  But  to  this 
we  shall  return. 

Meantime  we  may  note,  in  passing,  that  Dr.  Greikie  undaly 
heightens  the  case  against  the  ice-transport  theory  by  representing 
its  purport  to  be  that  the  shelly  clay  was  "pushed  or  dragged 
forward  under  the  ice-sheet*'  for  so  many  miles.  The  minority,  how- 
ever, did  not  express  it  in  these  terms,  nor  did  they  define  the 
precise  mode  in  any  terms  ;  and  they  may  very  properly  object  to 
Dr.  Geikie  doing  it  for  them.  Certainly,  by  his  own  account,  this 
mode  does  not  *' necessarily  follow."  We  are  elsewhere  told  of 
stones  or  boulders  which,  "once  imbedded  in  the  ice,"  may  have 
been  carried  for  "  a  hundred  miles  without  suffering  abrasion.*  It 
seems  hard  on  the  shelly  deposits  that  they  could  not  in  some 
instances  (as  frozen  masses,  perhaps)  be  transported  in  the  same 
gentle  fashion,  for  ten  or  twelve  miles  ! 

But  Dr.  Geikie  proceeds  to  discuss  the  case  on  more  general 
grounds,  into  which  we  must  now  shortly  follow  him. 

II. 

The  first  part  of  the  more  general  ground  which  Dr.  Gkikie 
takes  up  in  arguing  for  a  submergence  during  Glacial  times  of 
over  500  feet,  has  reference  to  the  non-fossiliferous  character  of  the 
**  Upper  Boulder-clay."  The  statement  that  **  had  such  a  degree  of 
submergence  ever  taken  place  prior  to  the  advance  of  a  general 
ice-sheet,  we  should  surely  find  the  ground-moraine  of  that  ice- 
sheet  more  or  less  abundantly  charged  with  relics  of  marine  life," 
he  meets  by  saying,  "  this  does  not  necessarily  follow." ' 

The  author  has  evidently  got  some  new  light  on  the  subject 
since  the  date  of  his  previous  edition.  He  then  alluded  to  this 
absence  of  marine  organisms  in  the  Upi)er  Boulder-clay  as  an  almost 
insuperable  difficulty  against  the  theory  of  a  submergence.  "  Why," 
he  wrote,  "  we  may  ask,  does  not  the  Upper  Boulder-clay  of  the 
Central  liOwlands  (a  great  proportion  of  which  must  have  been 
submerged  before  the  last  ice-sheet  overflowed  Scotland)  contain 
broken  shells,  and  afford  other  indications  of  the  latest  confluent 
glaciers  having  usurped  the  bed  of  the  sea?  That  is  a  very  hard 
question  to  answer,  and  I  fear  we  must  wait  some  time  yet  for  an 

*  Brit.  Assoc.  Report,  1893.  »  p.  204.  »  p.  141. 
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adequate  solution  of  the  difficulty."  ^  But  now  he  announces  with 
eaay  nonchalance  that  the  difficulty  does  not  exist — *'it  does  not 
necessarily  follow ! " 

We  may  remark,  in  passing,  that  there  are  many  things  which 
do  not  "  necessarily  follow,"  hut  which  yet  are  the  only  prohahle 
things  we  can  aooept  or  reason  upon.  That  a  suhmergence  of 
500  feet  or  600  feet  should  leave  traces  of  itself  in  the  shape  of 
relics  of  marine  life,  more  or  less  ahundant,  in  the  Boulder-clay 
of  the  succeeding  glaciation,  seems  to  as  as  nearly  a  necessary 
consequence  as  anything  we  know  of  in  geology ;  at  all  events,  as  in 
many  ways,  and  hy  many  degrees,  more  probable  than  that  such 
traces  should  all  have  been  removed  or  destroyed.  But  let  us  look 
at  Dr.  G^ikie's  reasons  for  now  making  so  light  of  the  difficulty 
which  formerly  oppressed  him. 

(1)  He  says,  "a  depression  of  500  feet  or  600  feet  would  drown 
only  a  narrow  belt  of  coast-land,  and  a  relatively  small  area  in  the 
midland  of  Scotland." 

With  a  recollection  of  LyelFs  old  sketch-map,  showing  the  change 
that  would  be  produced  on  the  contour  and  extent  of  the  British 
Isles  by  a  subsidence  of  600  feet,'  we  read  this  statement  with 
considerable  astonishment.  Let  the  reader  look  at  any  good 
" Orographical  Map"  of  Scotland,  such  as  that  prefixed,  for 
example,  to  the  volume  already  mentioned,  '*  Fragments  of  Earth- 
Lore."  There  he  will  see  clearly  the  broad  tracts  that  would  be 
submerged  by  a  depression  of  600  feet — in  Caithness,  around  the 
Moray  Firth,  in  Aberdeenshire,  in  Strathmore,  in  Fife,  in  the  Forth 
and  Clyde  valley,  in  Berwickshire,  Dumfries,  Kirkcudbright, 
Wigton,  Ayr;  in  all  cases  running  far  up  into  the  river  valleys; 
not  to  speak  of  innumerable  detached  areas  and  winding  belts,  in 
some  cases  of  considerable  size,  all  along  the  western  coast.  Why, 
a  depression  of  500  to  600  feet  would  drown  nearly  all  the  arable 
land  of  the  country,  all  the  '*  broad  lowland  tracts,"  straths,  and 
•*  carses,"  described  so  graphically  in  the  volume  referred  to.  This 
as  regards  Scotland;  while  in  England  and  Ireland  the  area  sub- 
merged would  be  relatively  still  more  extensive — in  fact,  the  greater 
part  of  the  oountry.  We  may  take  it,  then,  that  the  extent  of  the 
area  gives  emphasis  to  the  question, — If  it  were  all  submerged  prior 
to  the  last  glaciation,  why  does  its  Upper  Boulder-clay  not  contain 
fragments  of  shells,  and  afford  other  indications  of  the  former 
presence  of  the  sea  ? 

Dr.  Geikie  adds  (2)  that  "  the  snbmei^noe  may  not  have  been 
long-continued,"  and  (3)  that  "the  conditions  may  not  have  favoured 
the  abundant  development  of  marine  life."  But  these  seem  to  be 
purely  imaginary  suppositions,  thrown  in  without  a  word  in  their 
favour.     We  need  not,  therefore,  discuss  them. 

(4)  We  pass  on  to  notice  the  last  and  apparently  chief  reason 
given  by  the  author  to  account  for  the  absence  of  marine  organisms 
in  the  Upper,  or  supposed  post- submergence,  Boulder-clay.     It  is, 

*  Second  edition,  p.  390. 

*  "  Antiquity  of  Man,*'  third  edition,  p.  11^. 
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that  while  the  submergence  may  have  been  short,  the  snooeeding 
glaciation  may  have  been— or  rather,  he  seems  to  say,  most  hare 
been — long;  and  as  it  continued,  and  "sub-glacial  erosion'*  wis 
carried  on,  "  the  supply  of  shelly  deposits  at  and  below  the  level  of 
600  feet  would  tend  to  become  exhausted,  and  the  Bonlder-elay 
continually  passing  outwards  from  the  land  would  eventaally  contain 
no  shells."*  This  is  our  old  friend,  the  theory  of  the  '* complete 
sweeping-out  by  the  second  glaciation/'  which  we  humbly  thought 
bad  been  disposed  of  some  time  ago,'  but  of  which,  as  it  now  comes 
np  again  under  the  wing  of  Dr.  Geikie,  it  is  necessary  anew  to  take 
some  cognizance.  We  think  we  can  demonstrate  (with  Dr.  Geikie'8 
help)  the  impossibility  of  the  ice  performing  what  is  thus  ascribed 
to  it. 

{To  he  eontxnuid,) 


le  E  V  I  E!  ^W  s. 

I. — Crystallography,  a  Treatise  on  the  Morphology  or 
Crystals.  By  N.  Story-Maskelyne,  M.A.,  F.R.S.  Octavo, 
612  pp.,  398  figs.,  and  8  plates.     Oxford,  Clarendon  Press,  1895. 

IN  one  of  his  scientific  aphorisms  Goethe  pronounces  criticism 
upon  Crystallography ;  this  science,  he  says,  has  about  it  some- 
thing of  the  Monk  and  the  Old  Bachelor :  it  exists  for  itself  alone, 
it  has  no  applications,  it  leads  to  no  results ;  and  yet,  be  adds,  it  has 
by  some  means  captivated  and  retained  its  hold  upon  some  of  the 
acutest  intellects ;  this  fact  is  due,  he  supposes,  to  the  extent  and 
the  complexity  of  its  details,  which  supply  almost  inexhaustible 
material  for  the  active  mind. 

The  criticism  is  no  longer  true.  When  Goethe  wrote  these  words 
the  geometrical  principles  of  Crystallography,  now  known  to  be 
remarkably  simple  and  definite,  had  not  been  fully  established; 
outside  pure  Mineralogy  its  applications  at  that  date  were  indeed 
few.  But  now  the  Monk  has  called  upon  his  neighbours,  and  the 
Old  Bachelor  flirts  with  the  spinster  sciences — with  Geology  and 
Chemistry  in  particular  the  most  friendly  relations  have  been 
established,  and  Petrology,  the  result  of  the  former  liaison,  is  a 
young  science  fast  growing  to  robust  maturity. 

Whether  they  wish  it  or  no,  a  large  proportion  of  modern 
geologists  must  acquire  some  knowledge  of  Crystallography,  without 
which  the  study  of  rocks  is  almost  impossible.  Maskelyne's 
"  Morphology  of  Crystals "  will  not,  it  is  true,  satisfy  all  their 
requirements,  because  it  does  not  deal  with  the  optical  and  other 
])1iy8ical  characters,  but  it  is,  and  roust  long  remain,  the  standard 
book  to  which  the  geologist  must  turn  for  information  about  the 
geometry  of  the  subject. 

Beginning  with  the  later  portions  of  the  book,  the  reader  will  find 
in  chapter  viii  an  account  of  the  manner  in  which  crystals  are 
measured  ;  the  preceding  chapter  contains  a  detailed  account  of  the 

^  ]).  142.     ,  *  TraAB.  Oeo\.  Soc.  Glasgow,  toI.  ix,  pp.  109,  110. 
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varioas  syateina  and  their  Babdiyisions,  illaBtrated  with  numerous 
figures  and  examples ;  while  the  seooud  to  the  sixth  chapters 
discuss  the  relation  between  a  series  of  crystal  faces,  the  properties 
of  zones  and  axes,  and  the  nature  of  crystal  symmetry. 

By  inverting  the  order  of  the  chapters,  we  have  here  indicated 
what  may  be  regarded  as  an  objection  to  the  present  plan  of  the 
book  from  the  point  of  view  of  a  general  reader;  the  first  six 
chapters  contain  much  that  might  with  advantage  have  been 
postponed  to  later  pages.  Subsidiary  theorems  on  stereographio 
projection,  on  the  tnmsformation  of  axes,  and  on  tautozonal  planes, 
are  not  calculated  to  encourage  a  beginner,  and  might  well  have 
been  deferred  to  a  chapter  preceding  that  on  crystal  calculation. 
The  chapter  on  crystalloid  symmetry,  the  most  original  and 
interesting  in  the  book,  might  have  been  introduced  almost  at  the 
outset  As  it  is,  the  first  chapter,  on  the  general  characters  of 
crystals,  is  in  parts  almost  unintelligible  to  a  reader  who  possesses 
no  knowledge  of  crystal  physics. 

Let  the  student,  however,  boldly  begin  with  chapter  y,  returning 
to  the  preceding  pages  when  necessary,  and  proceed  with  all  possible 
speed  to  chapter  vii ;  and  he  will  find  the  book  a  veritable  mine  of 
wealth,  and  one  which  will  repay  careful  study. 

In  fact,  having  stated  our  objections  to  the  general  plan  of  the 
book,  we  may  hasten  to  make  reparation  by  asserting  that  it  is 
one  which  if  read  at  all  should  be  read  thoroughly ;  for  example, 
the  great  theoretical  importance  of  the  equations  obtaine«l  on  page  96 
will  scarcely  be  appreciated  until  pp.  112-117  have  been  mastered. 
These  and  the  other  more  difficult  parts  of  the  l)ook  we  may  safely 
commend  to  the  more  mathematical  reader,  to  whom  they  will  afford 
considerable  pleasure. 

In  most  subjects  three  or  four  good  English  text-books  exist,  and 
it  is  sometimes  difficult  to  choose  between  them.  In  the  science 
of  Crystallography  there  is  no  such  embarrassment  To  Professor 
Maskelyne's  book  both  teacher  and  student  can  confidently  he 
referred  for  two  very  good  reasons:  because  it  has  no  rival  in 
the  English  language,  and  because  it  is  a  thoroughly  sound  and 
excellent  book.  A  second  volume,  dealing  with  the  physical 
properties  of  crystals,  is  promised,  and  will  doubtless  be  expected 
with  interest  by  geologists,  to  whom  it  should  be  even  more  useful 
than  the  present  volume. 

II. — Thirtkbnth   Annual  Report   fob  the  Tear   1893  of  the 

State   Geologist.     Vol.  II:    Palsontologt.     Transmitted   to 

the  Legislature  of  New  York,  March   1,  1894.     One  Vol.  pf». 

338.     Plates  23-64     With  Part  II  of  an  illustrated  *'  Handbook 

of  the  Brachiopoda."     By  James   Hall,  assisted  by  John  M. 

Clarke.     (James  B.  Lyon,  State  Printer,  Albany,  1894.) 

rilHlS  volume,  just  received,  opens  with  an  instructive  summary 

JL    of  the  "  Evolution  of  the  Genera  of  the  Palsaozoic  Brachiopoda,*' 

a  tabular  classification  into  families,  and  descriptions  of  new  species. 

These  form  extracts  from  the  Fiual  Text  of  voL  viil,  ^act  ii«  oC  tU^ 
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**  Paladontology  of  New  York,"  and  are  first  isaned  in  this  Report  on 
account  of  the  continued  delay  in  printing  the  yolume  of  quarto 
plates  which  should  have  accompanied  the  conclusion  of  Professor 
James  Hall's  and  Mr.  John  M.  Clarke's  labours  on  the  Brachiopoda. 

A  Memoir  by  Mr.  W.  H.  Sherzer  on  **  Platycnemio  Man  in  New 
York  "  follows.  The  prehistoric  remains  of  this  type  of  humanity 
are  of  frequent  occurrence  on  the  American  continent,  ranging  from 
Peru  to  Mexico,  Florida  to  Wisconsin,  from  Ohio  to  New  Jersey  and 
Massachusetts.  It  has  been  also  recognized  and  described  from 
Oceania  and  from  the  Grand  Canary  Islands,  and  discussed  *  by 
Busk,  Falconer,  Bi^oca,  Guillemard,  and  others.  The  New  York 
specimens  were  obtained  from  Canandaigua  lake,  and  are  ohanio- . 
terized  by  the  perforation  of  the  humerus,  the  flattening  of  the  tibia, 
with  curvature  of  its  shaft  and  head,  and  compression  of  the  femnr, 
all  "  simian  characters  departing  from  the  normal  human  skeleton." 
These  characters,  Mr.  Sherzer  considers,  were  not  caused  by 
'*  rickets,"  as  by  some  maintained,  that  they  can  no  longer  be 
regarded  as  a  sexual  distinction,  for  '*  they  are  now  known  to  occur 
in  both  sexes."  He  believes  them  to  have  been  brought  about  by 
corresponding  similarities  in  life  habits.  The  one  common  habit 
capable  of  sufficiently  reacting  upon  the  skeleton  of  both  early 
Man  and  the  Apes  "could  have  been  none  other  than  that  of  tree- 
climbing,  after  the  fashion  of  our  modern  Apes,  with  the  soles  of  the 
feet  firmly  pressed  against  the  tree  and  the  body  held  off  at  arm's 
length."  He  notes  further  that  the  percentage  of  platycnemism  is 
gre^Uer  among  the  most  ancient  remains  found,  and  diminishes 
gradually  towards  modern  times,  and  concludes  that  arboreal  habits 
would  be  of  necessity  more  resorted  to  in  primitive  times,  when 
man's  powers  of  off^-nce  and  defence  were  most  limited.  Thus  the 
tree-climbing  and  propensities  of  the  youthful  scions  of  civilized 
races  are  satisfactorily  accounted  for.  They  are  merely  recapitulary 
instincts  repeating  that  period  in  the  history  of  the  development  of 
the  race  when  man  lived  among  green  trees,  still  the  most  restful 
and  consequently  the  natural  colour  for  the  eyes. 

Mr.  George  B.  Simpson  next  discusses,  with  the  aid  of  numerous 
illustrations,  the  **  Different  Genera  of  Fenestellidsd,"  and  supplies 
a  very  useful  *' Glossary  and  explanations  of  specific  names  of 
Bryozoa  and  Corals,"  previously  described  and  figured  in  vol.  vi  of 
the  "  Palaeontology  of  New  York  "  and  preceding  **  Aunual  Reports." 

The  remainder  of  the  ITiirteenth  Report  is  devoted  to  Part  II 
of  "An  Introduction  to  the  Study  of  the  Brachiopoda,"  by 
James  Hall  and  John  M.  Clarke,  forming  the  concluding  portion 
of  that  excellent  students'  "  Handbook  of  the  Brachiopoda,"  of 
which  Part  I  was  issued  in  1894  (see  Geol.  Mag.,  Dec.  IV,  Vol.  I, 
No.  360,  p.  279,  1894).  This  treats  of  the  Spiriferoids,  Atrjpoids, 
Rhynchonelloids,  and  Terebratuloids,  gives  concise  descriptions  of 
genera  new  and  old,  accompanied  with  numerous  woodcuts,  many 
of  which  are  original  productions  and  represent  the  results  of  long- 
continued  and  patient  research.  The  thirty-one  plates  of  generic 
illustratiuus  which  complete  the  handbook  are  especially  welcome, 
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as  we  get  here  the  first  figures  of  many  new  genera  founded  by  the 
authors  among  the  articulated  Braohiopoda  in  the  course  of  their 
successful  labours.  We  heartily  congratulate  them  on  the  results, 
and  can  only  express  the  hope  that  the  publication  of  the  quarto 
edition  of  the  Plates  needed  to  complete  their  great  work  will  not 
be  again  delayed  by  "  malign  influences  "  and  lack  of  fiscal  support. 

An  alphabetical  index  to  genera  and  subgenera  is  appended,  in 
which  we  note  Mr.  W.  D.  Mathews'  siphonotretoid  genus  Trema' 
iobolus  is  not  included  among  the  synonyms,  although  it  is  omitted 
from  the  generic  list  classified  into  families  in  the  "Systematic 
Classification"  with  which  this  most  useful  and  interesting  hand- 
book concludes,  and  to  the  main  features  of  which,  through  the 
courtesy  of  the  authors,  we  have  already  referred  (see  Gkol.  Mao., 
March  1895). 

With  regard  to  systematic  classification,  however,  and  the  vexed 
questions  of  genetic  relationships  and  affinities,  the  last  word  has 
by  no  means  been  said,  lliere  is  still  room  here  for  diversity  of 
opinion,  more  especially  in  connection  with  the  relationships  of  the 
primitive  forms  which  present  such  a  mixture  of  characters.  Mr. 
Charles  Schuchert,  we  learn,  has  nearly  completed  a  "Catalogue 
of  Brachiopoda,"  which,  we  feel  sure,  will  further  illuminate  this 
most  difficult  subject.  New  genera  and  species  are  almost  daily 
described  throughout  the  world.  Dr.  W.  H.  Dall  has  a  paper  in 
the  press  defining  seven  new  recent  forms  from  the  Pacific  Ocean, 
one  belonging  to  a  new  subgenus  of  the  Rhynchonellidsd  of  a  very 
interesting  type.^  The  full  history  of  that  widespread  deep-water 
disoinoid,  the  so-called  Discinisca  Ailantica,  still  remains  unwritten. 
A  grand  opportunity  awaits  a  well-trained  embryologist  who  would 
turn  his  attention  to  the  developmental  history  of  the  living  British 
Cranoids  and  Discinoids.  Such  an  investigation,  if  successfully 
carried  out,  might  throw  much  light  on  obscure  points  in  the  early 
history  of  these  ancient  stocks.  Will  no  British  student  do  for  our 
Cranoids  and  Discinoids  what  Morse,  Dall,  Brooks,  Beyer,  and 
Beecher  have  done  for  the  Terebratuloids  and  Linguloids  of  the 
American  shores  ?  Palaeontologists  would  owe  him  a  debt  of  grati- 
tude, and  science  be  greatly  advanced  thereby.  Agnes  Crane. 


III. — SUR   L*ORIOINB    DIE     LA     DoLOHIE    DANS   LES   FORMATIONS    S^DI- 

MENTAiRBS.     Par  M.   C.   Element.     Bull.   d.  1.  Societe  Beige 
d.  Gkol..  etc.     Tome  IX  (1895),  pp.  3-23. 

AFTER  reviewing  the  very  extensive  literature  relating  to 
the  mode  of  occurrence  and  origin  of  dolomite,  the  author 
describes  a  series  of  experiments  in  which  a  solution  of  sulphate 
of  magnesium  and  chloride  of  sodium  is  made  to  act  at  various 
temperatures  on  arragouite  and  calcite.  He  finds  that  in  the 
presence  of  a  saturated  solution  of  common  salt  at  a  temperature 
of   91^  C.    sulphate   of    magnesium   will  act   on   the   powder  of 

^  Frieleia  Halli^  Dall,  a  smooth  Pacific  species  aUied  to  Hemithyrxt  (P)  lueida, 
Gould,  from  Japanese  waters. 
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arragonite  in  sach  a  way  as  to  give  rise  to  a  prodoct  oontainiog 
42  per  cent  of  carbonate  of  magnesiom.  Below  60^  C.  the  action 
is  very  slight,  but  between  60^  and  91^  there  appears  to  be  for  each 
temperature  a  certain  maximum  amount  of  replaoemeat  possible. 
When  the  solution  is  not  concentrated  with  common  salt  tlie 
sulphate  of  magnesium  acts  much  less  energetically.  The  powder 
of  iceland  spar,  unlike  that  of  arragonite,  is  scarcely  acted  upon  at 
all  under  similar  circumstances.  The  powder  of  corals,  on  the 
other  hand,  is  affected  in  the  same  way  as  that  of  arragonite.  Thus 
Madrapora  humilia  from  the  island  of  St  Thomas  yielded  a  product 
containing  41*9  per  cent  of  carbonate  of  magnesium  after  treatment 
for  47  hours  at  90°  C. 

The  author  shows  that  the  product  formed  in  his  experiments  is 
not  dolomite,  but  a  mixture  of  the  two  carbonates.  He  considers, 
however,  that  true  dolomite  may  be  formed  from  such  a  mixture  by 
secondary  processes. 

The  author  finally  discusses  the  question  as  to  whether  the 
conditions  of  his  experiments  can  be  realised  in  nature  on  a  large 
scale.  Chloride  of  sodium  and  sulphate  of  magnesium  are  both 
present  in  sea- water,  which  may  be  concentrated  in  the  ch)8e<l 
lagoons  of  certain  atolls.  Tbe  debris  of  corals  composed  of 
arragonite  is  present,  and  the  rays  of  the  sun  in  tropical  regions 
are  wipable  of  raising  the  temperature  of  such  closed  basins  far 
above  60°  C.  He  concludes,  therefore,  that  **  dolomite  is  formed  by 
the  action  of  sea- water,  concentrated  in  closed  basins  and  heated 
by  the  solar  rays,  on  the  arragonite  deposited  by  organisms,  in  such 
a  way  that  a  mixture  of  the  carbonates  of  calcium  and  magnesium 
is  first  produced,  and  subsequently  converted  into  dolomite." 

J.  «J.  H.  T. 
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I.— May  22,  1895.— Dr.  Henry  Woodward,  F.R.S.,  President,  in 
the  Chair.     The  following  communications  were  read  : — 

1.  "  On  a  Human  Skull  and  Limb-bones  found  in  the  Paleeolitbic 
Terrace-Gravels  at  Galley  Hill,  Kent."  By  E.  T.  Newton,  Ebq., 
F.R.S.,  F.G.S. 

A  human  skull  with  lower  jaw  and  parts  of  the  limb-bones  were 
obtained  by  Mr.  R.  Elliott  from  the  high- terrace  gravels  at  Galley 
Bill,  in  which  numerous  Palaeolithic  implements  have  been  found. 

The  skull  is  extremely  long  and  narrow,  its  breadth-index  being 
about  64 ;  it  is  hyperdolichocephalic ;  it  is  likewise  much  depressed, 
having  a  height-index  of  about  67.  The  small  extent  of  the  cranium 
in  both  height  and  width  shows  that  it  has  undergone  little  or  no 
post-mortem  compression,  although  it  has  become  somewhat  twisted 
in  drying.  The  siipraciliary  ridges  are  large,  the  forehead  somewhat 
receding,  the  probole  prominent,  and  the  occiput  flattened  below. 
AH  the  chief  sutures  are  obViXj^xtwled,    Three  lower  molars  and  two 
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premolan  are  in  plaoe  and  are  well  worn,  the  three  molars  being 
as  nearly  as  possible  equal  in  size.  The  limb-bones  indicate  an 
individual  about  5  feet  1  inch  in  height. 

These  remains  are  compared  with  the  fossil  human  relics  which 
have  been  found  in  Britain  and  on  the  Continent  of  Europe,  as  well 
as  with  the  dolichocephalic  races  now  living,  and  their  relations  to 
the  'Spy,'  'Biver-bed/  *  Long-barrow,'  <£skimo,'  and  other  types 
are  pointed  out 

The  gravels,  in  which  these  human  bones  were  found,  overlie  the 
Chalk  at  a  height  of  about  90  feet  above  the  Thames,  and  are  about 
10  feet  thick.  They  form  part  of  the  high-terrace  gravels  extending 
from  Dartford  Heath  to  Northfleet,  and  their  Palaaolithic  age  is 
shown  by  the  numerous  implements  which  have  been  found  in  them, 
as  well  as  by  the  mammalian  remains  which  have  been  met  with 
in  similar  beds  near  by,  although  not  at  Galley  Hill.  The  human 
bones  were  seen  in  titu  by  Mr.  B.  Elliott  and  Mr.  Matthew  Heys, 
both  of  whom,  in  letters,  speak  positively  as  to  the  undisturbed 
condition  of  the  8  feet  of  gravel  which  overlay  the  bones  when 
discovered. 

2.  **  Oeological  Notes  of  a  Journey  round  the  Coast  of  Norway 
and  into  Northern  Biissia."     By  G.  S.  Boulger,  Esq.,  F.L.S.,  F.G.S. 

The  author  accompanied  the  Jackson- Harms  worth  Polar  Expe- 
dition as  far  as  Archangel,  and  returned  by  way  of  the  Biver  Dvina. 
His  observations  relate  mainly  to  four  points:  the  origin  of  the 
foliation  of  the  Norwegian  gneiss;  the  question  of  raised  beaches 
on  the  north-western  coast  of  Norway ;  the  boulders  and  boulder- 
formation  of  Northern  Bussia ;  and  the  Trias  of  the  Dvina  valley. 

Between  Christiansund  and  Tromso  the  author  was  struck  with 
the  wide-sweeping  folds  of  the  foliation-planes  of  the  gneissose 
rocks,  which  appeared  to  him  more  readily  explicable  on  a  theory 
of  dynamo-metamorphism  of  rocks  originally  in  part  igneous,  than 
by  any  process  of  diagenesis.  He  notes  that  the  terraces  observed  in 
the  transvei'se  fjords  would  be  perfectly  explained  by  the  foinnation 
of  ice-dammed  lakes,  though  the  terraces  of  the  Gulf  of  Onega 
seemed  less  dubious  raised  beaches  than  those  of  the  north-west  of 
Norway.  He  confirms  the  views  of  previous  writers  that  many 
of  the  boulders  of  the  boulder- formation  of  Northern  Bussia  are  of 
Scandinavian  origin.  The  beds  on  the  Dvina  consist  of  sands  and 
loams,  often  coloured  red,  with  bands  of  alabaster  and  anhydrite. 
The  strata  are  horizontal  or  inclined  at  a  low  angle.  North  of 
Ustyug  Veliki  the  strata  are  marked  as  Permian  on  the  Biissian 
maps,  and  those  to  the  south  as  Trias,  but  the  author  saw  no 
perceptible  break  in  the  succession. 

3.  **  On  some  Foraminifera  of  Bhastio  Age,  from  Wedmore  in 
Somerset."  By  Frederick  Chapman,  Esq.,  F.B.M.S.  (Communi- 
cated by  Prof.  T.  Bupert  Jones,  F.B.S.,  F.G.S.) 

(1)  The  author  has  examined  six  examples  of  clays  and  limestones 
from  different  horizons;  these  were  collected  by  Mr.  W.  A.  Sanford, 
F.O.S.,  from  a  quarry  south-east  of  the  village  of  Wedmore,  which 
has  yielded  Megalosaurian  remains,     llie  rocks  in  this  quarry  are 
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regularly  stratified,  and  characteristic  Rh»tic  fossils  have  been 
obtained  from  them  by  Mr.  Sanford. 

(2)  The  microscopical  details  of  the  varioas  clay-iwishings  are 
given,  and  the  great  abundance  of  some  forms  of  the  acervnline 
foraminifer  Stacheia  is  noticed,  included  amongst  which  are  forms 
that  have  been  previously  described  tinder  the  name  of  **  Psammo- 
$iphon  "  by  Vine,  and  "  Plaques  de  Rayonnes**  and  **  Asteracanthi&n" 
by  MM.  Terquem  and  Berthelin ;  the  former  occurring  in  Silurian 
strata,  and  the  latter  in  the  Lias.  The  RhsBttc  examples  of  the 
genus  Stacheia  have  numerous  aggregated  crystals  of  zeolites  (?),  of 
which,  however,  only  impressions  remain,  included  in  the  material 
of  the  tests. 

(3)  In  a  comparison  made  with  the  foraminiferal  faunas  of  the  older 
and  younger  rocks  respectively,  the  Rhsetic  fauna  shows  marked 
affinities  with  both  the  Upper  Palaeozoic  and  the  Liassic  facies. 

The  bathymetrical  aspect  of  the  foraminifera  from  Wedmore  is, 
generally  speaking,  that  of  a  shallow- water  deposit  The  genus 
Stacheia  is  represented  so  abundantly  in  some  of  these  Khsetic  rocks 
that  the  fossils  constitute  distinct  layers  in  the  l)ed8  of  clay  in 
which  they  are  found.  Stacheia.  appears  to  resemble  Polytrema  in 
reference  to  itB  habitat,  and  also  in  the  microscopical  structure  of 
its  test,  with  the  exception  that  Stacheia  includes  in  the  test-wall 
minute  sand-grains  and  other  foreign  material. 

(4)  Twenty-six  species  of  foraminifera,  chiefly  of  arenaceous  types, 
are  described,  nine  of  which  are  new  forms,  viz. :  Haplophragminm 
Rhaticuniy  Ammodiscua  nuricultis,  A.  fuaiformis,  Nodoainella  Wedmori^ 
eitaie,  Stacheia  intermedia,  S.  triradiataj  S.  dispansa,  S,  ctispidata,  and 
Truncatulina  stelligera. 

II.— June  6,  1895 W.  H.  Hiidleston,  Esq.,  M.A.,  F.R.S.,  F.L.S., 

Vice-President,  in  the  Chair.  The  following  communications  were 
read : — 

1.  **0n  a  well-marked  Horizon  of  Radiolarian  Rocks  in  the 
Lower  Culm  Measures  of  Devon,  Cornwall,  and  West  Somerset.'* 
By  George  Jennings  Hinde,  Ph.D.,  P.G.S.,  and  Howard  Fox,  Esq., 
F.G.S. 

In  the  Lower  Culm  Measures  the  basal  Posidonomya  Beds  and  the 
W^ddon  Barton  Beds  with  Goniatites  spiralis  consist  of  fine  shales 
with  thin  limestones,  and  above  these  are  the  beds  which  form  the 
subject  of  the  present  paper.  The  Upper  Culm  Measures  consist  of 
conglomerates,  grits,  sandstones,  and  shales,  with  occasional  beds  of 
culni.  There  is  evidence  of  the  partial  denudation  of  the  Radiolarian 
rocks  during  the  accumulation  of  the  Upper  Culm  Beds,  as  indicated 
by  the  presence  of  pebbles  of  the  former  in  the  latter. 

The  Radiolarian  Beds  consist  of  a  series  of  organic  siliceous 
rocks — some  of  a  very  hard  cherty  character,  others  platy,  and  yet 
others  of  soft  incoherent  shales.  They  are  spoken  of  as  the  Codden 
Hill  Beds — a  name  applied  to  them  by  previous  writers,  though  the 
authors  do  not  include  in  this  series  all  the  beds  which  have  been 
referred  to  it  by  others*    TVie  l^vm  *'  Grits,"  which  has  been  used  in 
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connection  with  these  beds,  Is  a  misnomer;  there  are  beds  which 
are  superficially  like  fine  grits,  but  they  are  found  to  be  Kadiolarian 
deposits. 

The  Codden  Hill  Beds  occur  along  a  comparatively  narrow  belt 
of  country,  a  short  distance  within  the  northern  and  southern 
boundaries  between  the  Carboniferous  and  Devonian  systems. 
Starting  with  the  northern  exposures,  the  authors  give  a  description 
of  the  beds  as  developed  in  various  localities  from  the  neighbourhood 
of  Barnstaple  (Codden  Hill  itself,  situated  3  miles  S.E.  of  Barnstaple, 
being  a  convenient  starting-point),  past  Dulverton,  to  Ashbrittle  in 
West  Somerset  On  the  south  the  beds  are  traceable  from  Boscastle 
to  the  neighbourhood  of  Tavistock,  and  on  the  east  side  of  the 
Dartmoor  granite  they  are  found  near  Chudleigh  and  Bovey  Tracey. 

At  present  there  are  not  sufficient  data  for  estimating  the  thickness 
of  the  Radiolarian  deposits ;  but  they  are  probably  some  hundreds  of 
feet  thick,  though  the  whole  does  not  consist  of  beds  of  organic 
origin.  In  a  quarry  in  the  Launceston  district  50  feet  of  Radiolarian 
oherty  rock  are  seen  without  admixture  of  shale. 

A  detailed  description  of  the  lithological  characters  of  the  rocks 
of  the  series  is  given,  and  analyses  by  Mr.  J.  Hort  Player ;  a  marked 
feature  of  their  composition  is  the  very  general  absence  of  carbonate 
of  lime.  The  microscopic  characters  of  the  rocks  are  also  desorihed, 
and  the  small  amount  of  detrital  matter  in  the  beds  of  the  series  is 
noted. 

Forms  belonging  to  23  genera  of  Badiolaria  have  been  recognized, 
included  in  the  orders  Beloidea,  Spharoidea,  Prunotdea,  Diacoidea, 
and  Cyrioidea ;  in  addition  a  scanty  but  significant  fauna  of  corals, 
trilobites,  brachiopods,  and  cephalopods  is  present  in  some  thin  shaly 
beds  near  Barnstaple.  Nearly  all  the  forms  are  diminutive.  The 
trilobites  are  described  by  Dr.  H.  Woodward,  the  brachiopods  by 
Mr.  F.  A.  Bather,  and  the  cephalopods  by  Mr.  G.  C.  Crick.  Of  the 
25  species  of  fossils  other  than  Badiolaria  which  have  been  deter- 
mined, several  are  only  known  elsewhere  from  the  Lower  Culm  of 
Germany,  while  others  are  common  to  the  Carbonifei*ous  Limestone 
of  the  British  Isles  and  Belgium. 

These  fossils  tend  to  confirm  the  view  that  the  Lower  Culm 
Measures  are  the  deep-water  equivalents  of  the  Carboniferous 
Limestone  in  other  parts  of  the  British  Isles,  and  not  shallow-water 
representatives  of  deeper  beds  occurring  to  the  north,  as  was  formerly 
supposed.  In  connection  with  this  it  is  worthy  of  note  that  the 
deep-sea  character  of  the  Lower  Culm  of  Germany,  which  correnponds 
with  our  Lower  Culm  Measures,  was  maintained  by  Dr.  Holzapfel 
even  before  the  discovery  of  Badiolaria  in  the  beds  of  Kieselschiefer 
furnisheil  such  strong  evidence  in  support  of  this  view. 

2.  **The  Geology  of  Mount  Ruwenzori  and  some  Adjoining 
Regions  of  Equatorial  Africa."  By  G.  F.  Scott-Elliott,  Esq.,  M.A., 
B.Sc,  F.L.S.,  and  J.  W.  Gregory,  D.Sc,  F.G.S. 

Ruwenzori  is  a  mountain  between  the  Albert  and  Albert  Edward 
Nyanzas.  Topographically  it  is  a  narrow  ridge  which  extends  for 
about  50  miles  in  a  direction  from  N.N.E.  to  S.S.W.     Its  summit 
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attains  a  height  of  1 6,500  feet.  The  western  slope  is  at  an  angle 
of  22°  ;  the  eastern  slope  at  about  one  of  4°.  The  authors  describe 
sections  across  the  ridge  at  right  angles  to  its  trend.  These  show 
that  Ruwenzori  is  not  volcanic,  nor  is  it  a  simple  fkostif  oi  diorite. 
Epidiorite  occurs  only  as  banded  sheets  in  the  schists  on  the  flanks 
of  the  mountain,  and  is  not  the  central  rock  of  the  ridge.  The  strike 
of  the  flanking  schists  seems  to  run  concentrically  round  the  ridge 
as  though  the  central  rock  were  intrusive  into  them.  The  highest 
rock  collected,  a  coarse-grained  granite  or  granitoid  gneiss,  may  be 
an  intrusive  igneous  rock,  but  it  may  be  part  of  the  old  Archaoan 
series  faulted  up ;  there  is  nothing  in  its  microscopical  characters  to 
separate  it  from  the  Archsdan  rocks,  and  the  authors  think  it 
probable  that  this  rock  was  raised  into  its  present  position  by  faulting. 
In  this  case  Ruwenzori  is  simply  composed  of  an  orographic  block 
or  <*  scholl,"  which  was  at  one  time  probably  part  of  a  wide  plateau 
of  Archaean  rocks. 

There  is  abundant  evidence  of  volcanic  action  around  Buwenzori, 
for  the  plains,  especially  to  the  east  and  south-east,  are  studded 
with  small  volcanic  cones,  arranged  on  lines  which  radiate  from 
Kuwenzori. 

It  is  afiirmed  that  evidence  points  to  the  former  occupation  of  the 
Nyamwamba,  Mubnka;  and  Batagu  valleys  by  glaciers,  roches 
fnoutonueea  of  typical  character  having  been  noted  in  the  two 
former  valleys. 

llie  country  round  Ruwenzori  consists  of  rocks  which  may  be 
conveniently  grouped  into  two  series— one  composed  of  gneisses  and 
schists,  and  the  other  of  non-foliated  sediments.  The  former  (the 
Archaean  series)  are  of  the  type  that  has  an  enormous  extension  in 
Equatorial  Africa,  and  forms  the  main  plateau  on  which  all  the 
sediments  and  volcanic  rocks  have  been  deposited. 

The  sedimentary  rocks  are  probably  Palaeozoic,  possibly  pre- 
Carboniferous,  but  in  the  absence  of  fossils  it  would  be  unsafe  to  go 
beyond  this  statement. 

3.  "  On  Overthrust*  of  Tertiary  Date  in  Dorset."  By  A.  Strahan, 
Esq.,  M.A.,  F.G.S.  (Communicated  by  permission  of  the  Director- 
General  of  the  Geological  Survey.) 

The  results  given  in  this  paper  were  obtained  during  a  re-survey 
of  South  Dorset  on  the  6-inch  scale.  The  disturbances  can  be 
divided  into  two  groups, — the  one  being  mainly  of  Miocene  date, 
and  the  other  of  intra-Cretaceous  (between  Wealden  and  Gault)  age. 
The  former  includes  the  Isle  of  Purbeck  fold  (which  is  the  continua- 
tion of  the  Isle  of  Wight  disturbance),  the  Ringstead  fold,  the 
Chaldon  and  Ridgeway  disturbances,  and  the  Litton  Cheney  fault 
In  the  latter  are  placed  the  anticline  of  Osmington  Mill,  the  syncline 
of  Upton,  and  a  part  of  the  anticline  of  Chaldon ;  farther  west  the 
Broadway  anticline  and  Upway  syncline,  a  fault  at  Abbotsbury,  and 
many  other  folds  come  into  the  same  group.  These  earlier  move- 
ments led  to  the  well-known  unconformity  at  the  base  of  the  Upper 
Cretaceous  rocks. 

The  Isle  of  Purbeck  fold  is  accompanied  by  a  large  thrust-fault, 
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by  which  the  uppermott  sones  of  the  Chalk  have  been  piinhed  in 
a  vertical  pomtiou  tinder  gently  inclined  lower  sones.  On  the  eame 
line  of  distnrbance  at  Lul worth  Cove,  tbe  Bqueezing-out  of  plastic 
strata  from  a  part  of  the  fold  where  compression  bas  been  great,  and 
the  folding  and  packing  away  of  such  strata  in  a  part  where  there 
was  a  tendency  to  gape,  is  described.  Farther  west  the  same  disturb- 
ance is  accompanied  by  inversion  of  a  great  thickness  of  beds,  great 
compression,  with  vertical  crush-planes  and  nearly  horizontal  slide- 
planes.  Tbe  latter  slope  southwards,  and  the  roof  has  moved 
northwards  and  upwards  over  the  floor;  these  slide-planes  have 
accompanied  the  phenomena  of  inversion. 

The  Ridgeway  fold  and  fault  resemble  those  of  the  Isle  of  Pur- 
beck,  but  for  some  distance  the  thrust-plane  has  split,  a  part  of  it 
cutting  into  the  Oolitic  floor  on  which  the  Upper  Cretaceous  rocks 
were  laid  down,  and  causing  a  wedge  of  Oxford  Clay,  Combrash, 
and  Forest  Marble  to  be  thrust  over  Wealden,  Purbeok,  Portlandian, 
and  Eimmeridge  Clay. 

The  Litton  Cheney  fault  is  connected  with  an  anticline  in  the 
Chalk  and  Greensand  which  has  been  superimposed  upon  a  syncline 
in  Eimmeridge  Clay  and  Corallian. 

The  intra-Cretaceous  disturbances  have  been  distinguished  by  the 
fact  that  Upper  Cretaceous  rocks  rest  undisturbed  upon  them,  the 
diflerence  in  inclination  amounting  sometimes  to  40°.  This  move- 
ment may  have  commenced  before  the  Lower  Greensand  was  laid 
down,  but  took  place  principally  between  the  deposition  of  that 
formation  and  the  Gaqlt.    . 

Tlie  features  produced  by  the  earlier  movements  were  planed 
down  before  the  Ganit  was  deposited,  and  have  had  no  share  in 
producing  the  existing  physical  geography.  The  later  movements, 
on  the  other  hand,  have  determined  the  lines  of  drainage  and  the 
great  physical  features  of  the  region. 


DR.    CALLAWAY   AND    METASOMATOSIS. 

Sib, — My  friend  Dr.  Callaway  has  been  kind  enough  to  send  me 
a  copy  of  a  short  paper  of  his  in  the  Geological  Magazine,  in 
which  he  says  that  in  my  note  on  his  views  I  have  made  ''  the 
a-stonishing  error  "  of  attributing  to  him  an  opposite  opinion  to  that 
expressed  by  the  words,  "  a  mere  gradation  between  two  kinds 
of  rock  proves  nothing  as  to  the  genetic  connection  between 
them,"  and  that  I  have  thereby  misunderstood  and  misrepresented 
him ;  yet  on  the  very  next  page  he  says  of  such  gradation, 
without  mentioning  anything  else,  that  it  justifies  certain  con- 
clusions about  this  connection.  Is  not  this  also  the  opposite  to  the 
above  opinion  ? 

But  to  try  to  be  plain.  I  do  not  suppose  that  Dr.  Callaway  holds 
the  general  proposition — *'  If  one  rock  passes  into  another  in  the 
field,  one  of  them  must  be  derived  from  the  other,"  but  I  do  think 
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lie  argiies  on  the  basis  of  the  following:  ''The  character  of  the 
stages  by  which  one  rock  passes  into  another  in  the  field  may  suffice 
by  itself  to  prove  that  one  of  them  is  derived  from  the  other.** 
This  also  may  be  assented  to ;  but  the  case  when  one  rock  is  diorite 
and  the  other  a  quartz-schist,  will,  for  few  minds,  be  included 
amongst  those  in  which  such  evidence  does  suffice. 

Dr.  Callaway  illustrates  his  meaning  by  a  piece  of  underdone 
beef,  as  though  the  matter  were  one  of  simple  contact  or  thermo« 
metamorphism ;  but  when  he  can  show  us  how,  by  slicing,  rolling, 
squeezing,  or  roasting,  to  convert  a  piece  of  lean  meat  into  fat,  or 
vice  vered,  he  will  introduce  a  novelty  into  the  kitchen,  and  experi- 
mentally illustrate  what  he  wishes  us  to  believe  in  the  case  of  rocks. 

Port  Said,  I2th  June,  1895.  J.  F.  Blakb. 


PHOSPHATIC  CHALK  AT  TAPLOW,  BERKS. 

Sib, — I  hear  from  Mr.  Lodge,  estate  agent  to  W.  H.  Grenfell, 

Esq.,  Taplow  Court,  that  phosphatic  chalk  has  been  met  with  at  a 

point  870  yards  N.E.  by  E.  from  the  pit  which  I  described  in  the 

Quart   Joum.   Gkol.  Soc.,  vol.  xlvii,  p.  356  (1891).     The  section 

in  the  new  excavation  is  given  by  Mr.  Lodge  as  follows  :^ 

ft.  in. 
Reading  Beds  ^  Clay  with  a  layer  of  greensand  and  flints 

(     at  its  base 110 

Chalk 8    0 

Phosphatic  Chalk 2     0 

Hard  white  Chalk 


Upper  Chalk 


21     0 

It  differs  from  the  section  at  the  pit  in  the  phosphatic  chalk  being 
eight  feet  below  the  base  of  the  Tertiaries  instead  of  twenty  feet, 
and  in  the  phosphatic  la3'er  being  apparently  only  two  feet  thick 
instead  of  eleven  feet.  There  are  no  differences  distinguishable 
nnder  the  microscope  between  the  phosphatic  beds  of  the  two 
localities. 

28,  Jermyn  Street,  S.W.  A,   Strahan. 
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Mr.  Thomas  William  Newton,  the  Assistant  Librarian  of  the 
Museum  of  Practical  Geology,  Jermyn  Street,  after  a  service  of 
nearly  thirty-five  years,  has  retired  from  office  under  the  Treasury 
Order  relating  to  age.  Mr.  Newton  was  joint  compiler  with  the 
late  Mr.  Henry  White  of  *'A  Catalogue  of  the  Library  of  the 
Museum  of  Practical  Geology  and  Geological  Survey,"  published 
iu  1878.  This  work  contains  references  to  about  28,000  volumes, 
and  although  a  partial  dismemberment  of  the  library  took  place  in 
more  recent  years,  it  is  still  considered  a  most  important  compendium 
to  geological  literature  and  other  subjects  of  the  natural  sciences. 
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AN    UNCROWNED    KING   IN    SCIENCE. 

IN    MEMORIAM. 

THOMAS    HENRY    HUXLEY,    P.O.,    D.C.L.    (OXON), 

LL.D.     (CANTAB.     EDIN..     ET     DUBU).     M.D.     (WURZB.).     PH.D.     (BRE8LAU), 
F.R.C.8.,     F.R.8.,    F.U8.,    F.Q.8.,    F.Z.8.,    TRUSTEE     BRIT.     MU8.,    ETC. 

BoBN  Mat  4th,  1825.  Died  Junb  29th,  1895. 

(With  a  Portrait.) 

By  the  death  of  Professor  Huxley  another  illustrious  name  must 
now  be  inscribed  on  the  walls  of  our  Valhalla,  while  the  world  of 
science  mourns  the  loss  of  one  of  its  most  distinguished  leaders,  wlio 
shares  with  Owen  and  Darwin  the  reputation  of  having  done  more 
to  advance  the  study  of  biology  than  any  other  of  the  naturalists 
who  have  appeared  within  the  present  century. 

Though  he  won  his  grandest  triumphs  as  a  zoologist,  there  were 
not  many  departments  of  Natural  History  which  he  did  not  cultivate ; 
indeed,  it  has  been  truly  said  of  him,  by  Haeckel,  that  he  was  one  of 
the  few  investigators  who  had  thoroughly  mastered  the  whole  range 
of  biology,  and  might  claim  to  be  the  first  zoologist  in  this  country. 
Although  capable  of  specializing  in  any  group  of  animals  or  plants, 
he  never  lost  sight  of  the  broader  biological  problems  which  are  so 
often  overlooked  by  the  less  broad-minded  systematist,  so  that  he 
was  able  to  enter  the  more  limited  field  of  classification,  and  give 
those  who  devoted  their  whole  time  to  any  one  group  a  lesson  on 
their  own  subject.  He  may  well  be  regarded  as  our  greatest 
naturalist. 

Thomas  Henry  Huxley  was  bom  at  Ealing  on  May  4th,  1825,  and 
was  for  some  years  educated  at  the  school  in  his  native  place,  where 
his  father  was  one  of  the  masters.  This  preparatory  course  was 
followed  by  assiduous  private  reading,  including  German  scientific 
literature,  and  instruction  in  medicine  received  from  a  brother-in-law 
wlio  was  a  physician.  He  afterwards  attended  lectures  at  the 
Medical  School  of  the  Charing  Cross  Hospital. 

In  1845  be  passed  the  first  examination  for  the  degree  of  M.B.  at 
the  University  of  London,  taking  honours  in  physiology.  In  184G 
he  was  appointed  Assistant-Surgeon  to  H.M.S.  "Victory,"  for  service 
at   Haslar    Hospital,  and  seven  months   later   he   was  gazetted  as 

DBCADB  IV. — VOL.    II. — NO.    VIII.  11 


338  In  Memoriam — ProfeBBor  Huxley. 

Assistant-Surgeon  to  H.M.S.  ''  Rattlesnalce,"  onder  the  oommand  of 
Captain  Owen  Stanley  (brother  of  tlie  late  Dean  Stanley),  oom- 
niissioned  to  survey  the  intricate  passage  within  the  Barrier  Beef 
skirting  the  eastern  shores  of  Australia,  and  to  explore  the  sea  lying 
between  the  northern  end  of  that  reef  and  New  Guinea.  It  was 
the  best  apprenticeship  to  what  was  eventually  to  he  the  work  of 
Huxley's  life,  the  solution  of  biological  problems  and  the  indioation 
of  their  far-reaching  significance. 

Two  of  his  wannest  friends,  Darwin  and  Hooker,  had  passed 
through  a  like  curriculum,  the  former  as  Naturalist  to  the  *'  Beagle  " 
on  her  voyage  round  the  world  in  1831,  and  the  latter  as  Assistant- 
Surgeon  on  board  the  '* Erebus"  on  her  Antarctic  expedition  in 
1839.  Eventually  the  three  stood  shoulder  to  shoulder  when  the 
battle  against  the  immutability  of  species  was  fought 

The  voyage  lasted  from  1847  to  1850,  and  was  the  initiation 
of  Huxley's  scientific  career.  Some  of  the  results  of  the  studies 
in  Natural  History,  for  which  the  cruise  afforded  facilities,  were 
transmitted  to  the  Linnean  and  Royal  Societies,  and  were  in  due 
course  published  in  their  Transaotions. 

Returning  to  England  in  1850,  Mr.  Huxley  was,  in  the  following 
year,  elected  a  Fellow  of  the  Royal  Society,  and  in  1852  he  was 
presented  with  one  of  the  Royal  Medals  annually  awarded  by  the 
Society.  In  1864  he  received  the  appointment  of  Professor  of 
Natural  History,  including  PalsBontology,  in  the  Royal  School 
of  Mines  and  Curator  of  the  fossil  Collections  in  the  Museum  of 
Geology,  Jermyn  Street;  and  in  the  same  year  that  of  Fullerian 
Professor  of  Physiology  and  Comparative  Anatomy  to  the  University 
of  London. 

In  1856  he  accompanied  his  friend  Professor  Tyndall  in  his  first 
visit  to  the  glaciers  of  the  Alps,  and  with  him  read  a  joint  paper 
on  Glacial  Phenomena,  published  in  the  Philosophical  Transactions 
in  1857.  In  1858  he  was  appointed  Croonian  Lecturer  to  the  Royal 
Society,  when  he  took  for  his  subject  "  The  Theory  of  the  Vertebrate 
Skull."  In  1859  his  monograph  on  "The  Ocean  Hydrozoa,  a  de- 
scription of  the  CalycophoridsB  and  Physophoridre  observed  during 
the  voyage  of  H.M.S.  'Rattlesnake,'"  was  published  by  the  Ray 
Society.  In  1860  Prof.  Huxley  delivered  a  course  of  lectures  to 
working-men,  in  Jermyn  Street,  on  "The  Relation  of  Man  to  the 
Lower  Animals."  The  questions  arising  out  of  this  topic  became 
the  subject  of  warm  controversy  at  the  meeting  of  the  British 
Association  at  Oxford  between  Bishop  Wilberforce  and  Professor 
Huxley,  and  was  taken  up  by  others  in  that  and  subsequent  years. 
The  whole  discussion  appeared  in  the  work  entitled  **  Evidence  of 
Man's  place  in  Nature"  (18(53),  and  excited  great  popular  interest 
both  in  this  country  and  abroad.  Mr.  Darwin's  views  on  the  origin 
of  species  formed  Professor  Huxley's  subject  for  his  lectures  to 
working-men  in  1862,  subsequently  published  under  the  title,  "On 
our  knowledge  of  the  Causes  of  the  Phenomena  of  Organic  Nature." 
His  otiier  lectures  were  on  the  "Elements  of  Comparative  Anatomy" 
and  on  the  "  Classification  of  Animals  and  the  Vertebrate  Skull." 
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S2,  while  serving  as  one  of  the  Secretaries  of  the  Geological 
he  was  called  upon,  in  the  absence  of  Mr.  Leonard  Horner, 
Rident,  to  deliver  the  Annual  Address.  Again,  in  1869 
0,  whilst  filling  the  Presidential  Chair  of  that  Society,  he 
1  two  other  addresses.  That  in  1862  dealt  with  the  suijt'ct 
ioxts  as  opposed  to  the  use  of  the  term  synchronism ;  in 
th  the  limitation  of  geological  time ;  in  1870  with  tlie 
1  of  the  yertebrata  and  their  geographical  distribution, 
ided  over  Section  D  at  the  meeting  of  the  British  Abbo- 
kt  Cambridge  (1862),  and  as  President  of  the  Association 
'pool  in  1870,  delivering  appropriate  addresses  on  both 
I. 

1863-70  he  held   the  office  of   Hunterian   Professor  of 

live  Anatomy  in  the  Royal  College  of  Surgeons,  and  in 

was  President  of  the  Ethnological  Society.     He  filled  the 

Secretary  to  the  Royal  Society  for  ten  years,  1871-80,  and 

lent  from  1883  to  1885.     In  1883  he  was  appointed  Rede 

at  Cambridge. 

r  the  absence  of  Prof.  Wyville  Thomson  on  the  "Challenger  " 
on,  he  divided  with  Dr.  Cams,  of  Leipzig,  the  duty  of 
s  his  substitute,  delivering  the  lectures  in  the  summer 
of  1875  and  1876  at  the  University  of  Edinburgh.  In  1876 
ixley  visited  America,  when  he  delivered  an  Address  at  the 
:)f  the  Johns  Hopkins  University  at  Baltimore,  on  September 
1  three  lectures  in  New  York,  on  September  18,  20,  and  22, 
'owded  audiences.  In  the  same  year  Huxley  received  the 
n  Medal  from  the  Geological  Society  of  London. 
IS  elected  a  meml)er  of  the  London  School  Board  in  1870, 
:  a  leading  part  in  opposing  denominational  teaching;  but 
pel  led  by  ill-health  to  retire  from  the  Board  in  January, 
n  December,  1872,  he  was  elected  Lord  Rector  of  Aberdeen 
ty  for  three  years,  and  installed  February  27th,  1874.  He 
'ellow  and  Governor  for  some  years  of  Eton  College. 
an  elected  Trustee  of  the  British  Museum,  and  a  member 
enate  of  the  University  of  London.  He  served  on  many 
lent  and  Royal  Commissions,  notably  on  Science,  on 
,  on  Contagious  Diseases,  on  Vivisection,  on  the  Scottish 
ties.  etc.  From  1881  to  1885  he  held  the  office  of  Inspector 
m  Fisheries.  The  only  post  he  continued  to  hold  up  to 
of  his  death  was  that  of  Dean  and  Honorary  Professor  of 
in  the  Royal  College  of  Science,  South  Kensington. 
'2  he  was  admitted  a  member  of  the  Privy  Council,  having 
y  refused  the  honour  of  knighthood. 

mpossible  to  enumerate  here  the  many  honours  conferred 
»fessor  Huxley.  He  was  made  a  Doctor  of  the  Universities 
nrgh,  Dublin,  Cambridge,  Oxford,  Breslau,  and  Worzbuig. 
demies  of  Brussels,  Stockholm,  Copenhagen,  Cairo,  Berlin, 
D,  Haarlem,  St  Petersburg,  Lisbon,  Rome,  Munich,  Phila- 
and  many  others,  conferred  on  him  their  Diplomas.  He 
9  an  Honorary  Fellow  of  the  Royal  Society  of  Ediiib\it^\\.\ 
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a  Member  of  the  Hoyal  Irish  Academy ;  of  the  American  Academy 
of  Science ;  and  (in  1879)  a  Corresponding  Member  of  the  Institute 
of  France  (Section  Anatomy  and  Zoology,  in  place  of  Von  Baer). 
He  was  also  a  Hiddare  of  the  Pole  Star  of  Sweden. 

Taming  to  his  published  works,  we  may  refer  to  his  "  Oceanio 
Hydrozoa"  :  his  Lectures  on  Comparative  Anatomy  and  Physiology ; 
Lessons  in  Elementary  Physiology  (1866),  and  many  subsequent 
editions;  An  Introduction  to  the  Clas^<i6cation  of  Animals  (1869); 
"Lay  Sermons,  Addresses,  and  Reviews"  (1870).  His  textbooks 
on  the  Anatomy  (I)  of  the  Vertebrata  (1871),  and  (II)  of  the 
Invertebrata  ;  his  Practical  Biology ;  "  Mau*8  Place  in  Nature " ; 
on  the  Cray-fish,  and  on  Physiography,  well  illustrate  the  wide 
extent  and  versatility  of  his  pdwers,  both  as  a  naturalist  and  author; 
but  it  was  by  his  lectures  and  addrefses  that  he  displayed  the  most 
marvellous  of  his  intellectual  gifts,  and  produced  the  greatest  effect 
n]>on  the  science  of  his  time.  He  had  that  wonderful  power  of 
carrying  his  audience  along  with  him,  and  the  happy  facility  of 
bringing  his  knowledge  within  the  mental  grasp  of  his  hearers. 

Of  the  144  papers  attributed  to  Prof.  Huxley  in  the  Royal  Society's 
list  of  scientific  papers  extending  from  1847  to  1884,  the  following 
may  be  mentioned  as  directly  connected  with  our  own  science : — 

On  the  Method  of  Palapontolopy  (Annals,  1866).  Pygocephalus  Coopn^^  a  Coal- 
mea^mire  Crustacean  (Q.J.G.S.  1857).  On  the  genus  Pfei-a^pis  (Brit.  Assoc.  Rep. 
1858) :  On  Cephalaspis  and  Ptera^pis  (Q.J.G.S.  1858) ;  On  Fieitiosaurtis  Ethnidgci 
(Q.J.G.S.  1858).  On  Persistent  Types  of  Animal  Life  (Roy.  Inst.  Proc.  1858-62:. 
On  Species  and  Races  and  their  Origin  (Roy.  Inst.  Proc.  i860).  On  StaffOhoWpit 
Rohertaom  i(i.J.G.S.  1859);  On  some  Amphibian  and  Reptilian  Remains  fr«)m 
Smith  Africa  and  Australia  (Q.J.G.S.  1869) ;  On  IHeyuodoti  Minrat/i,  South  Africa, 
and  on  Skulls  of  Dic^^lodonts  (Q.J.G.S.  1859) ;  On  Rhamphoihynehus  Bueklandx, 
a  Ptera'»aurian  from  fetonesfitld  (Q.J.G.S.  1859) ;  On  a  Fossil  Bird  and  a  Fossil 
Cetacean  from  New  Zealand  (Q.J.G.S.  1859) ;  On  Dermal  Armour  of  Croeodilui 
Hastingsia  (Q.J.G.S.  1859);  On  the  Anatomy  of  l^ei-ygotut  (Geol.  Surv.  Mem. 
1859):  On  Ifasyctps  Bncklandi  (Geol.  Sun-.  Mem.  1859)  ;  On  the  Lower  Jaw  of 
a  Labyrintho<lout  (Geol.  Surv.  Mem.  1859).  On  Macrmtchtfiia  Bolivietiinf  {Q.J .G.^. 
1861);  On  Pteraspis  Dunmsis  (Q.J.G.S.  1861):  Systematic  Arrangement  of 
Devonian  Fishes  (Geol.  Surv.  Mem.  1861).  New  Labvrinthodonts  from  Edinburjrh 
Coal-field  (Q.J.G.S.  1862) ;  On  a  Stalk-eved  Crustacean  from  Coal-raea.«ures.  Paisl.v 
(Q.J.G.S.  1862;:  On  the  Premolar  Teeth  of  Diprotodoti  (Q.J.G.S.  1862).  On 
a  Xew  Species  of  Glyptodon  (Roy.  See.  l*roc.  1862-63).  Anthracomurus  Pusfclli, 
Coal-field  Lanark  (Q.J.G.S.  1863).  On  Cetacean  Fossils  termed  ♦•Ziphins" 
Curier,  from  the  Red  Crag  (Q.J.G.S.  1864).  Osteologj-  of  Glyptodm  (Phil.  Trnns. 
1865).  Vertebrate  Remains  from  Jarrow  Colliery.  Kiltenny,  Ireland  (Geol.  M.<g. 
1866).  Dinosaurian  Reptiles  from  South  Africa  ((i.J.G.S.  1867) ;  On  Acanthopholif 
horridm,  a  new  Reptile  from  the  Chalk  Mari  (Gkol.  Mao.  1867) ;  New  specimen  of 
Tehr/jefon  Elgincuse  (Q.J.G.S.  1867).  Animals  intermediate  between  Birds  and 
Reptiles  (Geol.  Mag.  1868) ;  Two  new  Fossil  Laccrtilians  from  South  Africa 
Geol.  Mao.  1868,  pp.  201-205)  :  On  Arch<rupttryx  Itthographica  (Rov.  Soc. 
l*roc.  186S).  On  Hypei'od<ipedon  (Q.J.G.S.  1809) ;  On  a  new  Labyrinthodont, 
Pholidiipefou  seut'inn'um,  from  Bradford  (Q.J.G.S.  1869) ;  On  the  Upper  Jaw  ot 
Mega hs<i urns  (Q.J.G.S.  1869):  Principles  and  Methods  of  Palapontology  (Smith- 
sonian Repf)rts,  18€9}.  The  Milk-dentition  of  Palreotherium  magnum  (Geol.  Mag. 
1870) ;  On  Hyphilophodon  Poxii,  a  new  Dinosaurian  from  the  Wealden,  Isle  of 
Wight  (Q.J.G.S.  1870) ;  Further  evidence  of  the  Aifinity  between  the  Dinosaurian 
Reptiles  and  Birds  (Q.J.G.S.  1870);  On  the  Classification  of  the  Dinosanria,  with 
ObsiTvations  (m  the  Dinosanria  of  the  Trias  (Q.J.G.S.  1870) ;  Triassic  Dinosauria 
{yafure,  1870,  p.  23):  On  the  Maxilhe  of  Megahsaurus  (Phil.  Mag.  1870). 
(With  Dr.  E.  P.  Wright)  On  the  Fossil  Vertebrata  from  the  Jarrow  Colliery, 
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Kilkenny,  Irtdand  fLnsli  Acad.  Tran«.  1871).  On  StagonoUpis  Roberttoni,  etc. 
(Q.J.6.S.  1875).  On  the  evidence  as  to  the  Origin  of  existing  Vort(;brate  AuiinaL) 
(lectures,  Naturt,  1876).  The  Riae  and  Progress  of  Palteontolo^^v  (Xaftirej  So.  24, 
1881).  The  Coming-of-age  of  the  **  Origin  of  Species**  (1880,  Ko>;.  Inst.  Proc. 
9,  1»82). — It  will  he  seen  that  Professor  Huxley  was  a  frequent  contributor  to  the 
pages  of  the  Gbolooical  Magazznb,  and  was  one  of  its  constant  Hupporters  since 
its  commenoemenl  in  1864. 

His  last  paper  to  the  (Geological  Society  was  '*  Further  Observations 
upon  Hyperodapedon  Qordoni,*^  read  May  11,  1887:  see  Q.J.G.S., 
voL  zliii,  p.  675,  pis.  xxvi  and  xxvii.  His  latest  work  (published 
in  oonjanotion  with  Dr.  Pelsener)  is  on  Spirtda  {*'  Challenger " 
Reports),  1895. 

**Foar  kings  laboured  to  build  a  mighty  ball,  the  Hall  of  a 
Hundred  Columns,  at  Eamak.  In  a  century  they  built  it,  and  they 
died ;  but  the  ball  remains.  Four  men  [Darwin,  Tyndall,  Huxley, 
Spencer],  more  than  all  others,  have  raised  up  within  this  century 
an  edifice  wbicb  is  the  crowning  glory  of  British  science;  and 
before  the  century  closes  three  of  them  are  dead.  But  the  edifice 
stands,  and  will  stand,  as  a  lasting  monument  to  the  power  of  truth 
and  fearless  investigation." — Pall  Mall  Gazette. 

For  further  details  see  also  "Men  and  Women  of  the  Time," 
The  Times,  Athenaum,  Tfie  Standard,  Daily  Chronicle,  Daily  News,  etc., 
July  Ist  II.  W. 

I. — Pitted  Pebbles  in  the  Bunteb  Conglomerate  of  Cannock 

Chase. 

By  T.  Mellabd  Reade,  C.E.,  F.G.S.,  F.R.I. B.A. 

(PLATE  XI.) 

IN  a  letter  to  this  Magazine  of  May,  1895,  headed  "Tlie  Indenta- 
tion of  the  Bunter  Pebbles,"  Mr.  W.  S.  Greslev  critic^izes  the 
lumraing-up  of  my  views,  given  in  the  'Annals  of  British  Geology  ' 
(1892,  p.  52),  that  "  The  indentation  of  the  pebbles  he  considers  to 
be  the  result  of  contact-solution,  the  water  being  retained  at  these 
spots  by  capillary  attraction."  It  would  have  been  more  satisfactory 
if  Mr.  Gresley  could  have  read  my  original  paper  ^  before  penning 
his  letter,  as  he  would  then  not  have  assumed  that  I  "  adduce  no 
evidence  in  support  of  the  chemical  theory." 

Perhaps  I  may  be  permitted  in  tlie  pages  of  this  Journal  to  re- 
state, and  if  necessary  expand,  my  reasons  for  thinking  that  tiie 
**  indentations  "  were  not  mechanically  impressed,  as  the  term  rnther 
assumes,  but  were  simply  due  to  solution  at  the  points  of  contact. 
In  the  absence  of  specimens  of  the  pebbles  themselves,  to  thorouglily 
understand  the  question  a  good  photograph  is  required,  and  this  I 
have  endeavoured  to  supply,  so  that  my  statements  can  be  literally 
followed. 

These  are  my  points — 

First — If  the  pittings  or  depressions  were  due  to  mechanical 
pressure,  the  material  of  the  pebble  which  was  **  indented  "  would 

*  The  Trias  of  Cannock  Chase,  Proc.  Liverpool  Geol.  Soc,  Ses^sion  1891-2. 
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show  signs  of  distortion.  This  it  never  does  in  any  of  the  examples 
I  have  examined.  A  reference  to  the  photograph  will  show  this 
clearly ;  the  depressions  are  perfectly  sharp  at  the  edges,  and  the 
pebble  retains  its  external  shape.  The  material  formerly  oocapying 
the  depression  has  been  removedy  not  displaced. 

Second, — The  pebble  that  is  "  indenteid  "  is  often  harder  than  the 
pebble  which  indents.  The  ''  indenting  "  pebble  is  never  distorted, 
but  is  frequently  fractured. 

Third. — Out  of  six  indented  pebbles  now  before  me,  separately 
collected  by  myself,  Mr.  Henry  Beasley,  and  Mr.  Edmund  Dickson, 
when  our  observations  were  made  at  Cannock  Chase  in  1891,  only 
one  shows  signs  of  fracture — this  is  b  shown  in  the  photograph.  It 
is  quite  evident  that  the  **  fractures  "  are  simply  joints,  such  as  may 
be  found  in  many  pebbles,  having  no  indentations  upon  them.  This 
|)ebble  is  a  purple  ferruginous  sandstone  or  grit,  almost  as  hard  as 
qnartzite,  but  not  having  a  lustrous  fracture.  The  interior  of  the 
'*  indents "  is  in  most  cases  light  grey,  the  purple  colour  having 
been  discharged — another  evidence  of  solution.  There  are  also  four 
qnartzite  pebbles  from  the  Bunter  of  other  localities  sent  me  by 
Mr.  Beasley,  one  of  which,  measuring  2^"  x  If",  has  been  fractured 
and  receniented  by  a  deposit  of  silica  which  closes  up  about  one 
inch  in  length  of  the  crack,  and  is  consequently  subsequent  to  it 

Fourth.  —Fractures  are  a  sign  that  the  material  of  the  pebble  is 
rigid,  and  that  it  cannot  be  squeezed  out  of  shape.  Their  existence 
is  to  a  certain  extent  evidence  against  the  mechanical  theory. 
I  think  no  geologist  will  contend  that  the  pebbles  have  been 
hardened  and  indurated  since  they  became  pebbles ;  their  smooth 
worn  surfaces  show  that  the  rock  they  were  formed  from  was  in 
the  same  condition  as  the  pebbles  are  now. 

Fifth, — The  indenting  pebbles  perfectly  fit  the  indents  of  the 
pebbles.  If  the  indents  were  the  result  of  mechanical  movement 
this  would  not  be  likely  to  happen  in  all  cases.  The  '^indents** 
in  the  ten  pebbles  before  me  vary  from  1^  inches  long  by  f  inch 
in  width,  shallow  and  pear-shaped,  to  circular  pits  only  -^g  inch  in 
diameter.  They  are  of  all  shapes,  a  saucer-like  shape  predominating. 
Some  of  the  pebbles  are  cemented  into  their  places  by  a  deposit 
of  silica.  When  the  indenting  pebbles  are  removed  the  cup  or 
depression  is  seen  to  be  smooth,  frequently  having  a  deposit  of 
silica  over  the  surface,  sometimes  one  of  carbonate  of  iron.  This 
deposit  of  silica  in  the  case  of  the  real  quartzites  is  so  hard  that 
a  knife  will  not  pierce  it. 

Sixth, — The  pittings  are,  in  the  more  marked  oases  before  me, 
principally  confined  to  one  side  and  the  edges  of  the  pebbles.  The 
opposite  side  often  has  adherent  somewhat  loosely  cemented  sand 
and  small  pebbles.  I  take  this,  which  is  on  the  flattest  side,  to  he 
tlie  bed  of  the  pebbles,  and  the  pitted  surface  to  be  the  top  surface. 
Why  should  this  be  the  case  on  the  mechanical  assumption  ?  There 
is  not  much  evidence  of  lateral  pressure  in  the  stratum  in  which  the 
pebbles  occur,  and  statical  pressure  one  would  expect  to  be  equally 
eifective  top  and  bottom. 
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Seventh. — Let  us  try  what  the  maximum  statical  pressure  at  any 
time  on  these  Bunter  rocks  may  have  been.  If  we  assume  that 
a  mile  in  thickness  of  rock  at  one  time  existed  over  the  Bunter 
Conglomerate  of  Cannock  Chase.  I  think  it  will  not  be  above  the 
mark.  At  15  cubic  feet  to  the  ton,  a  column  of  rock  a  mile  high 
would  give  352  tons  to  the  square  foot  The  crushing  weight  of 
granite  cubes  is  about  720  tons  per  square  foot  on  the  average. 
Quartzite  is  harder.^  If  the  whole  pressure  of  the  column  of  rock 
were  equably  distributed,  it  would  necessarily  neither  crush  nor 
disturb  the  quartzite.  If,  on  the  other  hand,  the  pressure  was 
increased  by  being  concentrated  on  certain  points,  fracture,  not 
distortion,  would  be  the  result,  from  the  other  parts  of  the  pebble 
being  unsupported.  The  smaller  the  indenting  pebble  the  more 
cogent  is  this  argument. 

It  is  quite  remarkable  how  numerous  minute  pebbles  leave  their 
marks  on  the  very  hard  sandstones.  Pressure  applied  to  them  in 
such  a  way  as  to  tend  to  stamp  them  into  the  boulder  would 
inevitably  crush  them,  for  it  is  a  condition  of  indentation  by 
pressure  that  the  pressure  cannot  be  applied  in  a  manner  to  prevent 
crushing.  There  seems  to  be  little  relation  between  the  hardness 
of  the  pebbles  and  the  existence  of  the  indentation.  One  small 
pebble,  a  specially  light  sandstone  showing  casts  of  fossils,  has  two 
Wf  11- formed  pittings  in  it,  and  evinces  no  sign  either  of  fracture  or 
crushing. 

Eighth. — But  we  have  positive   evidence  that  at  the  points  of 

contact  of  the  pebbles  solution  and  deposit  have  been  going  on.     In 

most  of  the  depressions  there  is  a  deposit  of  silica  which  smooths 

the  surface  of  the  depression  and  unites  the  grains  of  rock.     In 

some  cases,  when  a  joint  or  crack  traverses  the  depression,  this 

silica  fills  it  up.     The  grains  of  silica,  where  they  are  seen  in  the 

depression   of    true    quartzite   pebbles,   show   like   a   mosaic,   and 

appear  to  be  flattened  or  cut  off  on  their  upper  surface.     I  think 

it   extremely   probable   that   solution    and   deposit  have   gone   on 

alternately.     That  solution  of  the  silica  has  taken  place,  there  is 

evidence  on  all  hands,  including  the  adherent  sand  and  gravel,  for 

solution  must  precede  deposit.     Solvent  action   would  concentrate 

itself  on  the  continually  damp  spots,  and  these  are  the  points  of 

contact  of  the  pebbles,  especially  on  the  upper  surface  of  the  larger 

pebbles.     The  Bunter  is  a  water-bearing  rock,  and  water  has  a  free 

circulation  through  it    Eeferring  to  the  figure  given  by  Mr.  Gresley, 

I  would   respectfully  submit  that  the  branch  fractures  from  the 

depression  are  not  a  proof  that  the  depression  was  due  to  the  same 

cause  as  the  fracture.     One  pebble  could  not  be  driven  into  another 

without  distortion  of  one  or  both,  as  already  explained ;  and  the 

fractures  are  a  proof  of  the  pebble  giving  way  and  breaking  up 

without  distortion.     Also  the  fractures  are  not  shown  to  cross  the 

depression  or  indent.      In  none  of   my  examples   are   there  any 

radiating  fractures. 

1  Quartz-rock,  Holyhead,  is  given  by  Mallet  as  1641 '6  tons  per  sauare  foot  across 
laminatioDfl,  and  900  tons  parallel  to  laminations. — Manual  of  Eocks,  Tables,  etc., 
D.  K.  Clark,  p.  631. 
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The  following  is  an  analysis  of  one  of  the  Cannock  Chase  pehblei 
given  in  my  original  paper,  and  made  hy  Mr.  P.  Holland,  F.C^, 
a  member  of  the  Liverpool  Geological  Society  : — 

AnaJyiis  of  an  indented  pebble  from  Stile  Cop  GnTel  Pit,  near  Bngdef . 

Ol  wj     •••     •••    •••    •••    •••    ■*.    ,,,    ,,,    ,,,    7<r*^0 
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As  further  illustrating  solvent  action  at  the  points  of  contact, 
I  may  refer  to  a  pebble  of  hard  compact  grey  limestone  (probably 
Carboniferous),  3  inches  in  diameter,  1^  inches  thick,  rounded  and 
disc-like  in  form,  from  the  Bunter  Conglomerate  near  Wolsley 
Bridge.  Tbere  are  two  well-marked  dish-like  depressions  in  the 
stone  respectively  1  inch  and  f  inch  in  diameter,  wbich  are  coated 
with  a  thin  deposit  of  carbonate  of  lime.  Tbere  is  also  a  good 
deal  of  adherent  quartzose  sand  cemented  together  with  carbonate  of 
lime.  Here  the  pebble  is  of  limestone,  not  quartzite  or  sandstone; 
yet  the  same  kind  of  action  has  gone  on,  namely,  solution  of  the 
limestone  at  points  of  contact  and  re-deposit  of  the  carbonate  of 
lime.     There  is  not  the  slightest  sign  of  fracture  to  be  seen. 

EXPLANATION   OF  PLATE   XI. 

Fio.  1. — Photograph  of  three  boulders  or  pebbles  from  the  Bunter  Conglomerate 
of  Cannock  Chase. 

a.  Very  hard,  fine  close-grained  grit,  boulder,  or  pebble,  7f  in.  x  6in.  X  4  in., 

well  rounded  and  worn.  It  is  covered  with  **pitting9*' ;  the  prominent 
circular  saucer-like  depression  which  shows  in  this,  and  more  plainly  in 
Fig.  2,  is  I  inch  acrass.  There  is  a  shallow  depression  1 J  inches  lonp:  on 
the  upper  part  of  the  pebble  which  is  not  seen.  These  pittings  are  found 
as  small  as  ^V  ii^^h  in  diameter,  but  embedded  grains  of  quartz  have  been 
found  only  -^  inch  in  diameter.  The  pebbles,  where  entirely  clear  of 
adherent  sand,  are  quite  sharp  at  the  edges,  as  may  be  seen  on  examining 
the  plate  with  a  lens.  The  surface  of  the  pittings  is  mostly  granular,  but  in 
some  cases  has  a  deiKwit  of  silica  upon  it.  The  projections  above  the  general 
surface  of  the  boulders  are  either  whole  pebbles,  broken  or  decayed  pebbles, 
or  crroups  of  pebbles  with  sand  between  cemented  thereto.  The  cemented 
sand  sometimes  makes  a  rim  round  the  depression.  Most  of  these  small 
pebbles,  with  which  the  largo  one  is  roughened,  are  counter-sunk  or  embedded 
in  the  boulder,  and  if  removed  would  disclose  pittings.  They  are  generally 
very  firmly  cemented  into  the  depressions  with  silica,  and  fit  them  exactly. 
The  opposite  side  of  the  boulder  has  a  good  deal  of  adherent  sand  and 
gravel,  but  not  many  "pittings,"  which  are  principally  confined  to  the 
surface  shown  in  the  photograph  and  to  the  edges.      (Stile  Cop.) 

b.  Hard,  fine-grained,  purple-brown  coloured  grit  boulder,  or  pebble,  full  of  joint 

planes,  along  three  of  which  it  has  split;  these  broken  joint  surfaces  are 
covered  with  ferric  oxide.  The  "pittings**  are  very  numerous,  and  are  of 
a  lighter  colour  than  the  surface  of  the  pebble,  which  is  well  water-worn. 
One  of  the  pittings  is  canoe-shapod,  14  inches  long  by  \  inch  wide.  There 
are  small  peobles  adherent  and  imbedded ;  in  this  and  most  other  respects 
the  description  of  boulder  a  applies  to  boulder  b.     (Stile  Cop.) 
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0.  Purple-coloured  quaririte  boulder  or  pebble,  6]  in.  x  4|iii.  x  3iB.,  a 
flattened  oval  in  form,  covered  with  depressions  of  a  less  decided  type  than 
a  or  h.  The  surface  of  the  depressions  are  white  from  a  deposit  of  silica 
therein.  There  is  only  one  small  adherent  bit  of  gravel.  The  opposite  side 
to  that  shown  in  the  pnotograph  has  no  *' pittings,  *  but  a  eood  manj  small 
adherent  patches  of  sand  about  ^  inch  in  (uameter,  apparency  indicating  the 

Soints  of  contact  of  small  pebbles  or  gravel,  now  removed.     There  are 
epressions  on  the  edges.     (Stile  Cop.)  4 

Fio.  2. — The  boulders  shown  are  the  same  as  in  Fig.  1,  but  arranged  in  a  way  to 
get  the  light  from  another  direction  to  show  up  some  of  the  features  not 
properly  (feveloped  in  Fig.  1. 

IL — Two   OOOUBBBMGBS   OF  BadIOLARIANS   IN   ENGLISH  CbBTAOEOUS 

KOOKS. 

By  Georob  £.  Gbdcbs,  B.Sc,  A.R.S.M.,  A.R.C.S.,  F.G.S. 

THE  opinion  that  fossil  Radiolarians  were  entirely  limited  to 
Tertiary  strata  prevailed  until  a  comparatively  late  period. 
Prof.  Ernst  Haeckel»  in  his  monograph  on  the  Radiolaria,  puhlished 
in  1862,  says  '*  that  the  Radiolarians  made  their  appearance  for  the 
first  time  during  the  Tertiary  period  " ;  and  Ehrenberg,  as  late  as 
1875|^  defined  all  the  Poly cystina- bearing  rocks  as  Tertiary. 

For  a  long  time  the  Cretaceous  rocks  yielded  but  few  remains  of 
Radiolarians,  and  even  as  late  as  1885  Dr.  Riist  remarked  on  the 
poverty  of  Radiolarian  remains  in  Cretaceous  strata.'  Since  that 
date,  however,  chiefly  owing  to  the  patient  and  laborious  researches 
of  Dr.  Riist,  a  large  number  of  species  have  been  obtained  from 
various  rocks  on  the  Continent,  principally  from  the  Lower 
Cretaceous.^ 

Prof.  Sollas  was  the  first  to  notice  Radiolaria  in  the  Cretaceous 
rocks  of  this  country,  and  in  his  paper  '*  On  Greensand  Sponges  and 
Foraminifera  "  *  he  says :  "  Poly  cystina  of  various  genera  also  occur ; 
forms  resembling  Haliomma  may  be  noticed  of  somewhat  frequent 
occurrence."  Prof.  Sollas  promised  a  full  description  of  these  forms 
later,  but  1  believe  it  has  not  yet  appeared.^ 

In  1888  Dr.  Riist*  described  two  species — Dictyomttra  angltca 
(Riist)  and  Dicfyospyns  chlamyden  (Riist) — from  flints  of  Senonian 
or  Turonian  age  from  England ;  but  the  locality  is  not  given. 

The  object  of  this  paper  is  to  describe  two  fresh  occurrences  of 
Radiolaria  in  our  Cretaceous  rocks. 

One  is  in  the  Fuller's  Earth  Rock  Bed  in  the  Lower  Greensand, 
between  Redhill  and  Nutfield,  Surrey.     This  bed  lies  directly  on 

*  Fortsetznng  der  mikrogeologischen  Studien :  Abhandl.  der  k.  Akad.  der  Wissen. 
Berlin,  1875. 

'  Beitrage  znr  Eenntniss  der  fossilen  Radiolarien  aus  Gesteinen  des  Sura: 
Palaeontographica,  vol.  xxxi. 

^  Beitrage  zur  Eenntnias  der  fossilen  Radiolarien  aus  Gesteinen  der  Kreide: 
Palaeontographica,  vol.  xxxv. 

*  Gbol.  Mao.,  Vol.  X,  1873. 

*  It  should  also  be  mentioned  that  Dr.  Wallich  recorded  the  occurrence  of  several 
genera  of  Badiolaria  in  the  interior  of  Chalk  dints  in  1883  (Ann.  and  Mag.  Nat. 
Hist.,  July  1883,  n.  62).— Edit.  Gkol.  Mao. 

*  Beitrage  zur  Keuntniss  der  fossilen  Kadiolarien  aus  Gesteinen  der  Ejreide: 
Palaeontographicii,  vol.  xxxv. 
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top  of  tlie  Fuller's  Earth,  and  ia  mapped  by  the  Qeological  Survey 
aa  equivalent  to  the  Sandgate  Beda  uf  East  Kent ;  but  tbia  U 
diaputed  by  soma  geologista.  As  the  rook  forms  the  aurfaoe  of 
the  dip  alope  of  tbe  Lower  Greensand  at  this  plaoe  it  haa  been 
considerably  denuded,  ao  that  its  thickuess  variea  from  0  to  aboat 
27  feet.  When  examined  in  thin  seotians  with  the  tniorosoope  tlie 
rock  is  found  to  be  composed  chiefly  of  broken  sponge  apiculea,  and 
with  these  Foraminifera  (mostly  infilled  with  glauoonite  and  in 
many  cases  having  the  original  teat),  glauconite  grains  and  casti, 
fragments  of  tests  of  Eohiuodermata,  some  grains  of  quarts,  and 
more  or  less  iron  oxide.  In  a  few  slides  glabate  spicules  of 
iSeoditei  were  also  noticed.  The  silioa  in  this  sponge  spionles 
mostly  assumes  in  a  greater  or  less  degree  the  globular  form,  which 
was  first  notioed  by  Dr.  G.  J.  Hinde  in  his  paper  "On  Beds  of 
6l>onge  Uemaias  in  the  Lower  and  Upper  Greensand."' 


BBdioUiians  from  the  QreensHnd  of  Eedhill  and  ReJgate. 
Fio.  l.—Carpoiphara  Neofomientii.  ep.n.     From  the  Fuller's  Earth  Eock  Bed. 

Lower  Greensand,  Bedhill,  Suirev.      x  400. 
Fio.  2.—Haliomma  Bp.  f    From  the  Fuller's  Earth  Itncic  Bed,  Lower  Greetund, 

Redhill.      x  200. 
Fio.  Z.^Carfiotphara,   an.     From   the   Upper   Hfarthstone,   Upper   Gresnimi 

Beipale  Ilill,  Surrev.      x  200. 
Fio.  i.^Carpoiphitra.   8p.      From  the  Lower   Hearthstone,   Upper   Greeiuano, 

Ec'igale  Hill,      k  200. 

Sadiolaria  were  most  numerous  in  the  rock  from  ihe  pit  at  the 
top  of  Bedstone  Hill  and  on  the  south  side  of  tbe  road  between 
Bedhill  and  Nutfield,  where  there  were  as  many  aa  seven  or  eight 
in  a  section  of  a  little  over  a  square  inch  in  area.  The  Radiolariani 
in  this  bed  mostly  belong  to  the  genua  Carpotphiera,  Haeokel,  wilb 
>  Pbil.  Tnuu.  RojbI  Soc.,  part  ii,  1S8S,  p.  427. 
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two  concentric  aplierical  lattice  Hhella  (aut«r  cortical  ani3  inner 
lueilullary).  As  the  lattice  lihelU  are  now  more  or  less  in6lled  with 
forei}^  maleriiil  the  lattice  structure  of  the  inner  one  is  not  alwnys 

visible.  One  of  the  beat  deGnud  of  these  forms  is  represented  in 
Fig.  1,  and  as  it  appears  to  be  new  I  prnpoae  to  name  it  Garpoiphara 
Neoeomieatis.  The  diameter  of  the  cortical  ahell  is  -07  mm.  {Fig.  1)> 
and  the  breadth  of  tlie  medullary  shell  '032  mm.  There  appear  to 
have  been  originally  ei^lit  or  nine  raya  ounneotiug  the  two  shells. 
The  lattice  meah  of  both  shells  is  irregularly  polygonal. 

Hatiomma  apeciea?  Fig.  2. — As  seen  in  section  the  bonndary 
ia  irregularly  circular,  with  numeroua  cusps,  probably  the  baaea  of 
Bpiuea.  The  inner  border,  aa  aeen  in  figure,  was  probably  the 
boundary  of  the  inner  test.  In  the  central  area  there  are  some 
faint  indications  of  lattice  structure.  This  organism  was  found  oa 
the  thin  edge  of  the  rook  aeotion.     Diameter  '139  mm. 

The  second  occurrence  of  Badiolaria  ia  in  the  Upper  Greensand 
at  Colley  Farm,  Beigate.  The  tectiuQ  at  present  visible  in  the  pita 
is,  in  descending  oi'dcsr — 

Chalk  Habl.  ft.  in. 

Oreeiiiith  Sand  (eqaivalent  to  chlaritic  miirl)    ....        76 

Chert 0    6 

Soft  Hearthstone 6    0 

Chert 0    6 

Ilnrd  Hearlhstonfl Sto6  feet. 

Fire  and  Building  Stone 6    0 

The  Badiolaria  were  found  bolh  in  the  Upper  and  Lower  beds  of 
Hearthstone.  These  beds  in  thin  sections  under  the  microscope 
exhibit  a  similar  composition  to  that  of  the  Fuller's  Earth  rook 
previously  described,  but  the  coiialituent  fragments  are  smaller  in 
size.  The  beds  are  made  up  of  broken  sponge  spicules,  (i^ains  of 
quartz,  glauconile  grains  nod  oasts,  Foraminif«ra  mostly  infilled  with 
glauconite  and  flakes  of  mica.  The  Kl"I>i<>Ar  form  of  ailioa  ia, 
however,  more  developed  than  in  the  Fuller's  Eitrtb  rock,  and  when 
sections  are  examiniid  with  the  ^  inch  objective  the  globules  are 
seen  to  make  up  a  large  proportion  of  the  slide.  The  Railiolaria  in 
these  boda  are  not  so  well  preserved  aa  those  in  the  Fuller's  Eiirth 
rock,  but  they  appear  to  belong  to  the  same  genus — Carpoaphmra. 

Fig.  3  represents  one  of  these  from  the  Upper  Hearthstone ;  the 
diameter  of  the  cortical  shell  is  '145  mm.  Fig.  4  representH  a  form 
from  the  Lower  Hearthstone;  the  diameter  of  the  cortical  shell 
is  -1  mm. 

I  have  to  thank  Mr.  F.  Chapman,  F.R.M.S.,  for  advice  and 
assistauce  in  the  preparation  of  this  paper,  and  for  the  excellent 
figures  which  accompany  it.  I  wish  also  to  thank  Dr.  Gr.  J.  Hinds, 
F.G.S.,  for  examining  the  specimens  and  advising  me  on  some 
difficult  points;  also  Professor  Jndd,  F.KS..  fur  kind  advice  and 
facilities  for  making  some  of  the  preparations. 
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III. — Notes   on   "The   Obeat  Ice   Age"   in   Relation   to  the 

Question  of  Submbboenoe. 

By  DuoALD  Bkll,  F.6.S. 
{Continued  from  p,  826.) 

TIL    The    Seoomd    Ouloiatiok. 

^^l^YEN  if  marine  life  had  been  prolific,  and  the  old  sea-boUom 

Vl  more  or  less  well  covered  with  sedimentary  deposits,  it  does 
not  follow/'  says  Dr.  Oeikie,  *<that  the  Boulder-clay  of  the  suc- 
ceeding mer  de  glace  should  now  contain  any  shells"  (p.  141). 

This  is  what  we  have  now  to  consider —that  the  marine  deposits 
of  the  submergence,  however  abundant,  may  have  been  swept  away 
by  the  succeeding  glaciation  so  completely  as  to  leave  uo  trace  in 
the  Upper,  or  post- submergence.  Boulder-clay. 

Now,  we  may  assume  that,  in  the  gradual  subsidence  and  re- 
emergence  of  the  land  ("leaps  and  bounds  "being  discarded),  the  sea 
would  for  some  time  occupy  all  possible  levels  up  to  the  supposed 
maximum  limit,  and  would,  on  the  premises  now  granted,  leave 
traces  of  its  presence,  and  of  its  **  prolific  "  organic  life,  more  or  less 
abundantly  at  them  all.  Indeed,  such  traces  would,  so  to  speak, 
have  a  double  chance  of  being  left — first,  during  the  submergence, 
and  again,  during  the  re-emergence.  Further,  at  every  successive 
level  the  sea  would  go  into  innumerable  bights  and  bays,  ravines 
and  sheltered  hollows  of  the  land  where,  from  their  very  nature, 
subsequent  ice-sheets  could  not  follow  it^  This  is  obvious  enough 
in  itself,  but  we  are  glad  to  have  it  also  on  Dr.  Geikie's  authority. 
Speaking  of  the  beds  of  silt  sand,  and  gravel  which  in  many  places 
are  intercalated  in  the  "Till"— indicating  a  time  when  the  great  ice- 
fields had  receded  **  so  far  at  least  as  to  uncover  the  lowland  tracts 
and  valleys" — he  shows  that  "during  the  Glacial  period  the  ioe- 
sheet,  which  followed  the  lines  of  the  principal  valleys,  must 
frequently  have  crossed  the  lateral  and  tributary  A-alleys  nearly 
at  right  angles.  In  the  main  valleys,"  he  continues,  "  the  glacier 
would  exert  its  full  influence,  but  it  would  not  be  able  to  do  so  in 
the  narrow  lateral  valleys  and  ravines ;  the  ice  and  Till  would 
merely  topple  into  the  glens  referred  to,  and  gradually  choke  them 
up,  and  the  main  mass  of  the  glacier  would  then  pass  over  tbe 
whole  ....  In  such  narrow  glens,  then,  any  silt,  wmd,  or  gravel 
that  had  gathered  during  the  absence  of  the  ice-sheet  would  not 
be  so  likely  to  be  ploughed  out"  (pp.  108-9). 

Accordingly,  in  many  hundreds  of  such  little  tributary  glens  all 
over  the  country,  and  at  many  different  levels  in  them  all,  marine 
deposits,  if  the  sea  had  ever  been  there,  would  have  a  good  chauce 
of  being  preserved. 

And  that  chance,  we  have  to  add,  would  be  considerably  increased 
by  the  very  circumstance  of  these  deposits  being  mainly  spread  ont 
over  the  low  grounds,  where  the  erosive  power  of  ice-sheets  i« 
least,  and  where,  instead  of  "sweeping  out,"  they  tend  rather  to 

^  See  TroTA.  Qeol.  ^oc.  Glaa^ow,  vol.  ix,  pp.  109,  110. 
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accumulate  debris.  Thns  Dr.  Geikie  goes  on  to  say — "I  do  not 
believe  it  was  necessary  for  tbe  preservation  of  intercalated  deposits 
that  tbey  should  always  have  occupied  a  hollow  or  depression 
sheltered  from  the  full  sweep  of  the  ice-flow.  The  great  thickness 
attained  by  the  Till  in  broad  open  lowland  districts"  [this  is 
different  from  the  **  narrow  belt  of  coast-land "  formerly  spoken 
of]  "shows  that  over  such  areas  there  was  a  tendency  for  the  Till 
to  accumulate,  probably  owing  to  a  diminished  rate  of  ice-flow.  .  .  . 
Wherever  the  flow  of  the  ice-sheet  slackened,  there  would  necessarily 
be  less  erosive  action,  and  therefore  a  good  chance  of  pre-Glacial 
and  inter-Glacial  beds  being  preserved"  (p.  112;  see  also  pp.  74r-5)« 

We  leave  Dr.  Geikie  to  reconcile  these  clear  and  distinct  state- 
ments with  his  arguments  for  the  complete  erosion  and  removal  of 
the  marine  sediments  by  the  "  second  glaoiation."  How  could  the 
ice-sheets  of  that  period,  while  thus  largely  sparing  the  **  Lower 
Till "  and  tbe  overlying  fresh-water  deposits,  pick  out  and  carry 
away  so  completely,  and  from  all  the  low-lying  and  most  sheltered 
positions  in  the  country,  every  trace  of  the  marine  deposits, 
"  prolific "  in  organic  remains,  which  must  have  been  there 
had  the  sea  reached  the  level,  or  anything  like  it,  which  he 
contends  for?  Does  he  not  require  far  more  of  the  ice  than 
we  do?  We  suggested  that  it  may  have  transported  some  portions 
of  marine  clay  and  sand  a  few  miles  inland  from  the  sea ;  he 
supposes  that  it  may  have  removed  hundreds  of  square  miles  of  the 
same  materials  into  the  sea,  sometimes  over  great  distances  and 
across  every  ineqiiality  of  ground,  and  left  scarcely  **  a  wrack 
behind"!  Truly  we  may  say,  "glacier-ice  has  played  many  strange 
freaks,  but  one  may  be  excused  for  doubting  whether  it  is  equal 
to  this  remarkable  performance"  (p.  141). 

Indeed,  we  do  not  require  to  go  beyond  this  individual  section  at 
Clava  to  show  how  untenable  Dr.  Geikie's  position  is.  Here,  in 
this  upland  valley  of  the  Nairn — where,  be  it  noted,  there  is  every 
evidence  that  the  action  of  the  ice  was  along  the  valley,  and  not 
across  it,* — here  are  some  36  feet  of  partly  stratified  deposits  overlaid 
by  a  great  thickness  of  Boulder-clay.  The  "  second  glaciation  "  must 
evidently  have  been  in  great  force  here,  to  have  laid  down  more 
than  40  feet  of  this  "  Upper  Till."  Yet  it  did  not  wholly  "  clear 
out "  or  "  sweep  away  "  the  previously  existing  beds  of  "  fine  sand  " 
and  "  blue  clay  " ;  it  merely  covered  them  up — at  least  3G  feet  of 
them — and  passed  on !  What  ground  is  there  for  saying  that  it 
would  do  otherwise  in  hundreds  of  similar,  or  far  more  sheltered, 
localities  all  over  the  country  ? 

But  if  we  wish  another  instance  to  confirm  the  view  which  we 
are  now  maintaining,  it  is  furnished  to  our  hand  in  that  immediately 
afterwards  referred  to  by  Dr.  Geikie  (p.  142),  viz. — 

The  Strathendrick  Shelly  Tilly  which  was  described  by  Mr.  Jack, 
of  the   Geological  Survey,  a  good   many  years   ago,  as  occurring 

*  "The  River  Nairn  runs  in  a  north-easterly  direction,  and  the  ice-markin«^8 
on  the  floor  of  the  valley  indicate  that  the  later  ice -flow  adhered  pretty  closely  to 
the  direction  in  which  the  river  now  flows"  (Trans.  Inverness  Sci.  Soc,  vol.  ii). 
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in  the  lower  part  of  the  Endrick  valley,  a  few  miles  beyond  the 
south-east  end  of  Lochlomond,  and  at  various  elevations  from 
80  to  320  feet  above  the  sea.^  This  shelly  Till  or  Bonlder-claj 
Mr.  Jack  attributed  to  the  action  of  a  glacier  which  oooapied  the 
bed  of  Lochlomond  after  a  moderate  submergence  had  converted  it, 
for  a  time,  into  an  arm  of  the  sea.  We  say  ''a  moderate  sub- 
mergence/' for  a  little  over  20  feet  would  suffice,  as  Mr.  Jack 
himself  pointed  out  But  as  a  laminated  clay  containing  some 
marine  shells  and  a  fragment  of  a  deer's  horn  was  discovered  in 
the  same  neighbourhood  at  a  height  of  108  feet,  and  assumed  to 
be  "in  place"  (which  we  think  is  open  to  question),  Mr.  Jsck 
inferred  a  "minimum  submergence"  of  that  amonnt»  108  feet 
This,  however,  he  took  care  to  say,  was  not  to  be  confounded 
with  the  greater  submergence  in  which  he  then  believe<l,  and 
which  he  assigned  to  a  later  date.  After  the  minor  or  "minimum" 
submergence  referred  to,  Mr.  Jack's  view  was  that  "  a  laige  glacier 
filled  up  the  lake,  covered  the  islands,  and  climbed  the  rising  ground 
beyond  to  the  height  of  at  least  320  feet,"  carrying  up  with  it»  from 
the  bottom  of  the  lake,  this  shelly  Till. 

Now,  this  instance  evidently  tells  forcibly  against  the  theory  of 
the  total  demolition  and   disappearance  of  marine   remains  as  a 
certain  result  of  the  "second  glaciation."     Accordingly,  Dr.  Geikie 
suggests  that  this  Strathendrick  Till  "belongs  to  a  later  date  than 
any  of  the  shelly  Boulder-clays "  he  had  been  referring  to;  and 
that  it  "  appears  to  have  been  deposite<l  by  a  local  glacier."     As  to 
time,  this  is  quite  opposed  to  Mr.  Jack's  view,  which  was  that  tins 
shelly  Till  preceded  the  "  great  submergence."     It  differs  from  Mr. 
Jack's  view,  also,  as  regards  the  meant  or  agency.     What  is  meant 
by  a  "local  glacier"?     We  naturally  think  of  one  of  the  smaller 
ice-sheets  which  continued  to  linger  in  the  upland  valleys  and  glens, 
around  the  borders  of  the  mountain  districts  and  their  gradually 
diminishing  snow- fields,  after  the  extreme  period  of  glaciation  bad 
passed  away.     But  Lochlomond  is  not  in  any  such  upland  glen  or 
valley ;  the  bottom  of  it  is  in  great  part  under  sea-level,  in  parts 
as  much  as  500  to  600  feet,     llie  valley  is,  moreover,  24  miles, 
or,  with  its  continuation  to  the  head  of  Glen  Falloch,  some  36  miles, 
in  length ;  and  there  is  no  point  nearer  than  the  hf'ad  of  that  glen, 
or  still  farther  away  up  Strath  Fillan,  among  the  group  of  high 
mountains  there,  which  can  be  indicated  with  any  probability  as 
the  place  of  origin  of  its   glacier.     All   the  striations  that  have 
been   observed   in   the  district  lead  to   that  quarter.      If,  then,  a 
glacier  40  or  50  miles  in  length,  and  a  good  deal  over  1000  feet 
in  thickness, — for  such  it  must  have  been  to  have  filled  up  the 
lake  and  carried  its  shelly  Till  to  an  elevation  of  320  feet  above 
it, — if  such  a  glacier  be  called  "  local,"  it  can  only  be  in  the  sense 
of  not  being  part  of  a  "general "  ice-sheet,  though  apparently  very 
near  it.      For,    when  such   a  glacier  existed  in  Lochlomond,  we 
may  safely  say  that  every  arm  of  the  sea  all  around  our  coasts 
would  have  its  glacier  of  corresponding  dimensions,  each  separated 

^  Trans.  Geol.  Soc.  Glasgow,  vol.  v. 
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from  its  neighbours  (where  it  was  separated)  by  only  very  narrow 
ridges  of  land. 

Mr.  Jack,  at  least,  believed  that  "  the  shelly  Till  was  produced 
by  a  glacier  which  had  its  gathering  ground  partly  in  the  region 
drained  by  the  Fillan  " ;  because  '*  a  glacier  nourished  solely  in  the 
Lochlomond  valley  could  not  have  climbed  the  rising  ground 
between  the  Leven  and  the  End  rick  to  the  height  (320  feet)  to 
which  the  shells  have  been  traced."     This  seems  undeniable. 

We  ask,  then — If  this  second  glaciation  did  not  utterly  destroy 
and  carry  away  out  of  sight  the  marine  shells  taken  up  from  the 
comparatively  limited  area  Of  Lochlomond,  but  left  abundant  traces 
of  them  within  a  few  miles  of  the  loch,  what  reason  is  there  for 
holding  that  it — or  any  similar  glaciation — would  make  a  '*  clean 
sweep  "  of  all  relics  of  marine  life  from  every  bay  and  inlet,  ravine 
and  valley  all  over  the  country,  that  would  be  occupied  by  the 
sea  during  the  supposed  submergence  of  over  500  feet  ? 

We  accordingly  claim  this  Stratbendrick  shelly  Till  as  a  strong 
corroboration,  and  indeed  a  practical  proof,  of  our  contention  that 
had  there  been  such  a  submergence,  the  "Upper  Boulder-clay,"  held 
to  be  due  to  a  succeeding  glaciation,  would  undoubtedly,  as  a  rule, 
be  charged  more  or  less  abundantly  with  marine  organic  remains — 
Q.  E.  D. 

IV.  The  Clava  "Shell-Bed." 

From  what  has  been  said,  it  appears  that  the  absence  of  all  traces 
of  the  sea  at  a  similar  level,  and  at  many  approximate  levels,  all 
round  the  country,  and  the  absence  of  relics  of  marine  life,  more 
or  less  abundant,  in  the  Upper  (or  supposed  post-submergence) 
Boulder-clay,  are  insuperable  difficulties  against  accepting  tbe  alleged 
submergence  of  500  to  600  feet — that  is  to  say,  difficulties  which 
have  resisted  all  attempts  to  explain  them  away. 

The  difficulties  against  the  ice-transport  theory,  on  the  other  hand, 
must  be  shown  to  be  greater  than  those  against  the  submergence 
theory,  before  we  can  be  asked  to  accept  the  latter  as  in  any  degree 
a  satisfactory  account  of  the  phenomena. 

Now  let  us  take  this  special  instance  of  Clava,  There  are  several 
points  connected  with  it  which  seem  to  require  careful  consideration. 
It  may  conduce  to  clearness  if  we  here  repeat  the  section — 

Above  Sea.  Feet. 

666  feet.     Surface  soil  and  upper  light-brown  Boulder-clay ;  many  of  the 

stones  striated 43 

623  feet.     Fine  yellowish- brown  sand,  very  compact ;  a  few  very  small  stones      20 
603  feet.     Dark-blue  or  grey  shelly  clay,  slightly  bedded,  very  little  sand 

or  gravel ;  almost  free  from  stones,  except  in  lower  part   .     .       16 
487  feet.     Coarse  gravel   and  sand,  and  brown  stony  clay.     (Lower* Till, 

partially  reasserted '() 36 J 

450  feet.     Keck,  gritty  Old  Bed  Sandstone 

We  quote  the  following  summary  from  the  carefully  written  "Note" 

of  the  minority  : — 

"  The  ice-transport  theory,  therefore  (whatever  difficulty  may  attach  to  it),  has 
at  least  this  point  in  its  favour,  that  the  deposit  is  quite  in  the  track  of  ice  which 
would  almost  certainly  pass  over  part  of  a  former  sea-bed  in  its  progress.    It  has 
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also  thii  other  point,  tbmt  the  shell j  ck j  eonnsti  almoat  whoUj  of  materiak  domd 
from  some  distance,  differing  from  those  in  the  immediate  neighbourhood,  and  fron 
the  Boalder-clay  and  gravel  abore  and  below  it.  Further,  tiiongh  the  elaj  itsdf 
suggests  deposition  in  deep  and  comparatiTely  still  water,  the  shells  and  other 
organisms  it  contains  are  almost  entirely  of  littoral  species ;  and  thoogh  the  stoan 
in  it  are  in  general  rounded  and  water- worn,  some  distinctlj  striated  ara  associated 
with  them,  and  all  occur  promiscuously  imbedded  in  this  fine  unstratified  clijr, 
without,  as  a  rule,  eren  a  streak  of  accompanying  sand  or  grarel.  Mere  snbmergeDee 
seems  inadequate  to  account  for  these  facts.  And  we  renture  to  s  ly  tiiat  to  sssome, 
first,  a  submergence  of  over  500  feet,  then  a  re-eloTation  to  about  the  old  levd, 
with  a  return  of  glacial  conditions  much  the  same  as  before,  is  to  hang  an  immense 
aeries  oi  changes  upon  the  (as  regards  interpretation]  more  or  less  doubtful  eridenoe 
before  us.'*     (Report,  p.  31.) 

Let  us  DOW  look  at  some  of  the  difficalties  advanoed  on  the  other 
side.  One  is  the  well-preserved  oondition  of  many  of  the  sheila. 
Numbers  of  them,  it  is  admitted,  are  crushed  and  broken ;  but  many 
of  them,  it  is  pointed  out,  are  whole,  some  having  the  epidermis 
entire,  and  none,  so  far  as  observed,  showing  any  trace  of  ioe- 
markings  or  abrasion.  All  this,  however,  is  paralleled  by  numerous 
known  instances  in  which  even  delicate  shells  have  been  transported 
uninjured  by  ice,  so  that  it  cannot  be  said  to  be  at  all  conclusive. 

Other  points  that  are  urged  against  the  ioe-transport  theory  are 
the  ''extent"  of  the  bed,  its  '* horizontality,"  and  its  exhibiting 
"no  trace  of  deformation  or  disturbance"  ("Great  Ice  Age," p.  141). 
But  in  regard  to  these  points  opinions  will  differ  as  to  the  clearness 
or  decisiveness  with  which  they  are  proved  by  the  Report.  Take, 
first,  the  "extent."  We  admit,  of  coui-se,  the  fact  that  a  "blue 
sandy  clay  "  was  found  at  30  yards  east  and  160  yards  west  of  the 
main  pit,  and  also  in  bores  at  other  two  points  between.  Nor  are 
we  disposed  to  make  much  of  the  accompanying  fact  that  onlj  one 
of  the  bores  showed  any  traces  of  shells.  We  are  willing  to  grant 
that  it  was  probably  the  same  clay,  and  probably  continuous.  We 
remark,  however,  as  very  likely  having  some  bearing  on  its  mode 
of  formation,  that  it  seemed  to  thin  out  very  unevenly  on  both 
sides  of  the  main  pit,  and  at  a  certain  distance  on  either  side  it 
ceased  altogether.  At  the  main  pit  it  was  16  feet  in  thickness;  at 
80  yards  to  the  east  it  was  but  2^  feet;  and  at  61  yards  in  the  same 
direction  it  was  not  found.  Again,  at  160  yards  west,  it  was  only 
15  inches  in  thickness ;  at  197  yards  it  was  not  found.  It  thus 
appears  to  be  a  very  irregular  mass,  and  restricted  within  certain 
definite  limits.  Certainly  it  is  not  "  horizontal,"  the  difference  in 
level  between  its  two  extremes  being  about  20  feet.  And  as 
certainly  it  has  been  subjected  to  great  compression  and  crushing— 
whether  during  its  deposition,  or  since,  is  a  question. 

Now  (1)  we  might  ask  whether  the  known  instances  in  which 
masses  of  clay  and  fragile  slabs  of  Chalk,  etc.,  of  considerable 
dimensions  (some  upwards  of  180  yards  in  length)  have  been 
transported  uninjured  by  the  ice,  are  not  sufficient  in  some  degree 
to  neutralise,  or  lighten,  any  objection  resting  on  the  apparent  or 
**  proved  "  extent  of  the  "  bed  "  ?  » 

^  See  Mellnrd  Reade  on  **  Masses  of  Chalk  imbedded  in  the  Drift  of  Cromsr" 
(Q.J.G.S.,  Tol.  mviii,  1882).    Also  "  Great  Ice  Age,"  p.  338. 
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(2)  Bnt  if  any  think  otherwise,  we  revert  to  what  we  have  alreaci  j 
urged  as  to  the  limits  of  the  deposit  (which  have  been  proved  with 
at  least  equal  clearness)  being  a  far  greater  objection  to  the  theory 
of  a  submergence. 

(3)  We  would  also  repeat  that  the  objection  drawn  from  the 
extent  of  the  ''  bed  "  proceeds  upon  an  assumption  to  which  we  are 
by  no  means  restricted,  that  the  deposit  was  all  transported  by  the 
ice  at  once  or  en  masse. 

At  this  stage  we  wish  briefly  to  emphasize  one  of  the  points 
alluded  to  in  the  minority's  Note,  viz. :  the  striking  difference 
between  the  composition  of  the  shelly  clay,  and  that  of  the  "  rough 
gravel "  below  and  the  Boulder-clay  above  it. 

Be  it  remembered  that  the  whole  section  rests  on  that  belt  of  Old 
Red  Sandstone  which  sweeps  along  the  southern  shore  of  the  Moray 
Firth,  from  Loch  Ness  to  Fochabers  and  Buckie.  It  is  surely  a 
remarkable  fact  that  while  the  stony  materials  of  the  deposits 
between  which  the  shelly  clay  occurs,  consist  of  from  70  to  80 
per  cent,  of  Old  Red  Sandstone,  and  only  20  to  30  per  cent  of 
the  more  ancient  rocks  (schists,  gneisses,  etc.)  of  the  neighbour- 
hood ;  in  the  clay  itself  the  proportions  are  nearly  exactly 
reversed — 70  to  80  per  cent,  of  the  more  ancient  rocks,  and  only 
about  20  per  cent,  of  the  Old  Red  Sandstone!  The  materials 
forming  the  clay  have  thus  been  mainly  derived  from  a  greater 
distance  than  those  forming  the  rough  gravel,  or  "  Till,"  on  either 
side  of  it.  The  difference  extends  even  to  the  sand  taken  from  these 
separate  parts  of  the  deposit.  The  sand  above  the  shelly  clay,  and 
that  washed  from  the  coarse  gravel  below  it,  is  light  in  colour, 
consisting  mainly  of  "  well-rounded  particles  of  quartz  derived 
apparently  from  the  adjacent  Old  Red  Sandstone."  But  the  sand 
contained  in  the  shelly  clay  itself  is  "dark  or  dark-grey  in  colour, 
and  coTitains  much  black  mica  apparently  derived  from  the  dis- 
integration of  gneissose  rocks"  (Report,  p.  21). 

On  the  theory  of  a  submergence,  it  seems  impossible  to  explain 
the  sharp  intercalation  of  a  deposit  of  this  kind,  so  thoroughly 
different  from  its  immediate  surroundings. 

It  has  been  suggested,  indeed,  by  an  esteemed  member  of 
Committee,  that  as  the  submergence  increased  the  Red  Sandstone 
of  the  district  was  all  brought  under  water,  and  that  then  tUe 
**  blue  shelly  clay,"  resulting  from  the  waste  of  the  schistose  and 
gneissose  rocks  that  remained  exposed,  was  deposited.  This,,  how- 
ever, as  far  as  we  can  see,  will  not  hold  good.  The  bottom  of  the 
shelly  clay  is  487  feet,  and  its  top  503  feet  above  the  sea;  whereas 
the  sandstone  in  the  immediate  neighbourhood  reaches  a  height  of 
700  to  1000  feet,  and  further  to  the  south-west  it  ascends  to  loOO  feet 
And  from  that  direction  the  principal  flow  of  sediment  into  the 
supposed  ocean  basin  would  undoubtedly  take  place.  Therefore, 
long  before  the  sandstone  was  completely  submerged, — of  which,  by 
the  way,  there  is  not  the  slightest  independent  evidence, — there 
would  be  such  a  depth  at  Clava  as  is  inconsistent  with  the  pre- 
vailing littoral  character  of  the  shells.     Indeed,  the  limited  extent 
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of  shnllow  shore  there  coald  at  any  time  be  at  Clarm,  is  a  difficaltj 
in  this  respect.     Farther,  on  this  theorj  the  transition  onght  to 
be  gradual ;  as  the  area  of  the  sandatone  narrowed  a  smaller  and 
smaller  proportion  of  sandstones  should  appear,  till  at  length  the 
schists  predominated.     Bat  here  the  change  is  sadden  and  complete 
at  the  very  bottom  of  the  clay.    As  the  Report  says,  *'  The  boundary 
line  between  the  shelly  clay  and  underlying  gravel  is  clearly  defined. 
There  is  no  intermingling  of  the  two  deposits'*  (p.  4).     Similarly, 
the  line  of  junction  between  the  shelly  clay  and  the  overlying  saod 
is  ''clearly  defined"  (p-  3).    There  seems  thus  to  have  been  a 
sudden  and  complete  diange  of  conditions  daring  the  deposition  of 
the  shelly  clay,  not  to  be  accounted  for  by  submergence — not  even 
by  a  "rapid  and  brief*  submergence,  overlooking  for  a  moment  the 
intrinsic  improbabilities  of  such  a  supposititm,  and  its  contrariety  to 
the  other  facts  of  the  case.     For,  as  Mr.  David  Robertson  remarks 
in  his  valuable  Report,  ''the  cbiy  seems  to  indicate  deposition  in 
still  water,  showing  no  traces  of  strong  currents.**    There  was  very 
little  sand  in  it ;  90  per  cent  being  fine  mud  or  silt.     This  is  not 
consistent  with  the  theory  of  a  ''rapid  and  brief"  submergence. 
Bnt  how,  in  any  case,  oonld  there  be  "  still  water  '*  and  no  strong 
currents  here  if  this  were  then  a  shore  of  the  northern  sea,  and 
immediately  adjacent  to,  nay,  actually  swept  by,  the  strong  tides 
and  currents  that  must  then  have  flowed  to  and   fro  through  the 
Great  Glen  ?    We  can  scarcely  imagine  a  locality  where,   durin«f 
the  supposed  submergence,  there  would  be  less  likelihood  of  "  still 
water  "  than  at  Clava. 

Thus,  the  more  it  is  considered  the  more  do  difficulties  accumnlate 
round  the  theory  of  a  submergence  to  this  extent,  which,  besideSi 
there  is  absolutely  no  independent  evidence  to  support.  And  all 
these  difficulties  and  objections,  if  real  and  well  founded,  are  so 
many  arguments  in  favour  of  the  ice-transport  theory,  which  (as 
Professor  Ramsay  admitted  with  regard  to  the  analogous  cases  of 
UoldernesR,  etc.)  is  the  only  alternative.^ 

We  think  we  may  now  claim  to  have  shown  that  the  ice-transport 
theory,  as  applied  to  this  Clava  deposit,  is,  on  the  whole,  much 
more  probable  than  the  theory  of  submergence.  This  is  all  that 
is  required  to  vindicate  the  position  of  the  minority.  They  did  not 
undertake  to  say  what  was  the  precise  mode  in  which  the  de|M>sit 
was  conveyed  or  accumulated  ;  they  merely  expressetl  their  opinion. 
"  with  all  deference,"  that  the  submergence  theory  was  not  satis- 
factory, and  that  the  Committee  had  "  not  yet  reached  a  solutioa  of 
the  difficulties  "  connected  with  the  deposit. 

Here,  therefore,  our  remarks  might  end.  But  the  present  writer 
is  now  prepared,  on  his  own  account,  to  ofiFer  a  further  suggestion 
which  may  perhaps  lighten  the  difficulties  still  felt,  in  some  respects* 
to  exist.  We  have  said  that,  if  transported  by  the  ice,  it  does  not 
"  necessarily  follow  "  that  the  whole  of  this  deposit  was  conveye<l 
simultaneously,  or  en  masse.     Briefly,  our  idea  is  that  it  may  have 

^  Phys.  Oeol.  and  Geo^.  of  Great  Britain,  p.  157  (3rd  edition]. 
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been  conveyed  very  gradually,  and  deposited  in  an  extra-glacial 
lake,  formed  at  this  point  along  the  side  of  the  ice-sheet,  into 
which  part  of  the  materials  being  carried  by  the  latter  (fine  mud, 
rounded  stones,  shells,  etc.)  dropped  and  were  accumulated.  The 
great  ice-sheet  which  issued  from  Loch  Ness,  and  turned  eastward 
along  the  base  of  the  Monadhliath  hills  (as  it  was  compelled  to 
do  by  the  blocked  condition  of  the  Moray  Firth  and  the  North 
Sea  beyond)  would  not  always,  or  at  all  points,  cling  closely  to 
the  base  of  these  hills.  There  are  bends  and  curves,  and  small 
lateral  valleys,  which  it  would  pass  straight  across,  blocking  the 
drainage,  under  certain  conditions,  and  so  forming  lakes  of  the 
nature  indicated. 

The  physical  configuration  of  the  valley  at  this  point  bears  out 
the  suggestion.  Clava  is  situated  right  in  front  of  such  a  bay  or 
recess  in  the  hills  as  we  have  spoken  of,  which  may  very  probably 
have  been  barred  by  the  ice-sheet  and  converted  for  a  long  time 
into  such  an  **area  of  deposition"  as  described.  This  will  be  seen 
quite  dearly  by  examining  the  contour  lines  of  the  locality,  in  any 
Ordnance  Map. 

Several  of  the  puzzling  features  of  the  deposit  may  thus  be  more 
or  less  clearly  explained.  The  complete  change  which  would  take 
place  when  the  lake  was  formed,  and  while  it  was  being  gradually 
filled  up ;  the  accumulations  of  this  thick  mass  of  fine  unstratified 
silt  or  mud ;  the  rounded  and  striated  stones  dropped  into  the  heart 
of  it  with  scarcely  any  trace  of  sand  or  gravel ;  the  shells,  also,  of 
mixed  kinds,  but  chiefly  of  shore  species,  occurring  in  it  with  a  like 
absence  of  the  ordinary  shore  debris;  the  basin-like  form  of  the 
clay  itself,  so  far  as  ascertained ;  the  overlying  bed  of  fine  sand, 
indicating  a  gentle,  steady  current,  or  movement  of  the  water,  when 
an  outflow  was  established ;  *  and  finally,  the  Upper  Boulder-clay, 
showing  a  subsequent  extension,  or  change  of  direction,  of  the 
ice-sheet  covering  up  the  whole; — the  various  parts  of  the  section 
seem  to  fall  into  order,  and  become  in  some  degree  intelligible. 
Various  confirmatory  particulars  might  be  adduced,  on  which,  how- 
ever, we  cannot  at  present  enter.  Meantime  we  may  say  with  the 
old  Latin  poet — 

Si  quid  novisti  rectius  istis, 

Candidas  imperii ;  si  non,  his  utere  raecum. 

We  have  only  to  add  that,  while  thus  maintaining  our  ground 
against  such  powerful  odds,  we  trust  we  have  written  nothing 
inconsistent  with  the  respect  which  we  have  always  felt  towards 
Dr.  Geikie  for  his  long  and  eminent  services  in  this  department  of 
Geology. 

^  **  A  velocity  of  6  in.  per  second  will  lift  fine  sand,  8  in.  will  move  sand  as  course 
as  linseed,  12  in.  will  sweep  along  tine  gravel,"  etc. — Sir  J.  Lubbock. 


356  C.  Davison— Effect  of  Oladal  Periotl^ 
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UmDERGROUMD   TsMPBltATURB   ObADIBNT. 

By  Chaklbs  Davisox,  M.A.,  F.G.S. ; 
Mathematical  Master  at  King  Edward's  High  School,  Birmingham. 

IN  bi8  recent  work  on  ''Controverted  Questions  of  Geology" 
(p.  lo9),  Professor  Prestwich  remarks  that  the  intense  cold  of 
the  Glacial  period  may  still  be  perceptible  in  the  andergroand 
temperature  gradient;  tbat  "to  a  certain  depth  the  rate  of  cooling 
is  now  abnormally  slow,  owing  to  the  excessive  refrigeration  the 
crust  then  underwent"  The  suggestion  is  a  valuable  one,  and 
I  propose  to  test  it  in  the  present  paper  by  estimating  roughly  the 
change  which  the  temperature  gradient  may  have  experienced  since 
the  close  of  the  Glacial  period. 

In  order  to  avoid  confusion,  it  may  be  well  to  state  precisely  the 
meaning  which  is  here  attached  to  the  term  "  temperature  gradient." 
If  the  temperature  increase  1°  F.  for  every  50  feet  of  vertical 
descent,  the  gradient  is  taken  to  be  1^  per  50  feet  or  -^^  per  foot, 
but  not  50  feet  per  degree.  If  the  gradient  in  course  of  time  were 
to  change  to  1°  in  60  feet,  it  will  be  said  to  have  decreased,  whereas 
in  the  latter  case  it  would  be  said  to  have  increased. 

The  iirst  point  to  be  determined  is  the  rise  of  mean  annual 
temperature  which  has  taken  place  since  the  Glacial  period.  The 
present  value  of  the  mean  annual  temperature  in  England  varies 
between  4o^-6  (Dartmoor),  and  51°-9  (Helston),  the  average  over 
the  whole  country  being  49°*5  F.*  With  regard  to  the  Glacial 
period,  we  are  concerned,  not  so  much  with  the  mean  annual 
temperature  of  the  air  at  that  time,  as,  in  glaciated  districts,  with 
that  at  the  base  of  the  ice- sheet ;  and  this,  it  is  probable,  underwent 
but  little  change  during  the  whole  time  the  ice-sheet  lasted,  however 
intense  the  cold  at  its  surface  may  have  been.  For,  if  the  thickness 
of  the  ice  exceeded  a  certain  limit,  the  temperature  at  the  bottom, 
owing  to  the  nse  of  the  isogeotherms,  would  be  maintained  at  the 
melting-point  corresponding  to  the  pressure  of  the  overlying  ice. 
With  a  mean  temperature  of  O*'  F.  at  the  upper  surface  of  the  ice, 
and  a  gradient  in  the  rock  below  of  one  degree  in  60  feet,  Mr. 
Fisher  finds  this  limiting  thickness  to  be  714  feet.*  With  a  gradient 
of  one  degree  in  50  feet,  the  limit  would  be  596  feet  This  may, 
however,  be  an  under  estimate,  for  it  does  not  take  the  depth  of  the 
•*  surface  of  invariable  temperature  "  into  account.  Moreover,  while 
the  temperature  at  the  depth  of  this  surface  is  in  rock  the  mean 
annual  temperature  of  the  locality,  it  may  be  less  in  the  case  of  an 
ice-sheet  whose  temperature  can  never  rise  above  the  melting-point, 
ancl  is  therefore  incapable  of  following  the  oscillations  of  the 
external  temperature  above  that  point.  The  effect  of  the  omissions 
is  not,  however,  very  serious,  involving  indeed  in  some  cases  an 
increase  in  the  above  estimate,  though  not,  it  may  be,  a  great  one. 


*  This  is  the  average  of  the  annual  means  at  67  stations  given  hy  Dr.  A.  Bachan 
in  his  great  work  on  "Atmospheric  Circulation,"  "  Challenger "  Reports,  Physics 
Chemi>trv,  vol.  ii,  pp.  196-199. 

2  rhil.'Mag.,  vol.  vii,  1879,  p.  386. 
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Considering  the  low  mean  temperature  assumed  to  exist  at  the 
surface,  there  is  probably  no  occasion  to  alter  the  above  estimate 
of  the  limiting  thickness.  But  if  we  double  it,  and  take  it  at 
1200  feet,  we  shall  be  well  on  the  safe  side  ;  and  there  is  no  doubt 
that  for  a  very  long  period  the  ice-sheet  in  many  places  attained 
a  greater  thickness  than  this.  Now  the  melting-point  of  ice  is 
lowered  1°  F.  by  the  pressure  of  every  2730  feet  in  the  vertical 
thickness  of  overlying  ice,  so  that  the  temperature  at  the  base  of  the 
ice-sheet  may  have  been  as  low  as  30°  or  even  29°,  but  can  never 
under  any  circumstances  have  risen  higher  than  32°.  We  cannot 
err  very  greatly,  therefore,  in  supposing  the  surface  of  the  ice- 
covered  ground  during  the  whole  Glacial  period  to  have  remained 
at  a  uniform  temperature  of  30°*6.  The  subsequent  rise  of 
temperature  may  thus  be  estimated  at  19°  F. 


All  geologists  are  agreed  in  attributing  a  duration  of  several,  or 
many,  thousand  years  to  the  Glacial  period.  If  this  be  correct,  the 
temperature  at  its  close  must  for  some  miles  have  increased  almost 
uniformly  with  the  depth.  Thus,  if  in  the  accompanying  figure 
0  represent  a  point  on  the  earth's  surface,  OX  a  horizontal, 
and  O  Y  a  vertical  line,  the  temperature-curve  O  P  A  near  the 
surface  must  have  been  almost  a  straight  line,  N  P  representing 
the  temperature  at  the  depth  represented  by  ON,  or,  rather,  the 
excess  of  temperature  above  30°-5.  If  O  N  were  taken  to  represent 
one  foot,  then  N  P  would  represent  the  temperature  gradient. 

Now  let  us  suppose  that,  at  the  end  of  the  Glacial  period,  the 
mean  annual  temperature  at  the  surface  rose  auddeuhj  by  19^;  and 
let  the  line  0  B  represent  this  amount  Then,  at  some  subsequent 
time,  the  temperature-curve  would  be  of  the  form  BQC,  where  N  Q 
represents  the  temperature  at  the  depth  0  N,  the  lines  0  P  A,  B  Q  C 
joining  at  the  point  where  the  change  of  temperature  ceases  at 
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the  particular  time  to  be  senmble.  The  excess  of  temperature  at  tlie 
depth  O  N  above  that  at  the  surface  is  represented  bj  D  Q,  which 
is  obviously  less  than  NP,  so  that  the  temperature  gradient  is 
diminished  at  all  points  to  which  the  heating  has  become  perceptible. 

With  a  further  lapse  of  time  the  heating  effects  will  have 
penetrated  to  a  greater  depth,  and  the  tempeiature-cunre  will 
have  assumed  the  form  BKK  Here,  the  excess  of  temperature 
at  the  depth  ON  above  that  of  the  surface  has  increased  (DB 
being  greater  than  D  Q) ;  consequently  the  temperature  gradient 
has  h180  increased,  and,  continuing  to  do  so,  will  in  time  attain 
a  value  not  differing  very  greatly  from  that  which  it  had  just 
before  either  the  close  or  the  commencement  of  the  Glacial  period. 

Before  proceeding  further  it  should  be  remarked  that  the  inaccuracy 
of  the  assumption  of  a  sudden  change  of  surface  temperature  must 
of  course  affect  all  the  numerical  results  hereafter  obtained.  But, 
as  we  do  not  know  the  law  according  to  which  the  rise  of  tempera- 
ture took  place  after  the  disappearance  of  the  ice-sheet,  it  seems  to 
roe  allowable  to  make  the  assumption,  especially  as  the  provision  of 
exact  numerical  results  is  not  the  purpose  of  this  paper.  Moreover, 
if  the  change  were  gradual  but  continually  in  one  direction,  the 
temperature-curve  would  be  of  the  form  BSF,  and  this  would 
result  in  a  Btill  further  decrease  of  the  gradient,  so  that  the  change 
of  gradient  would  in  reality  exceed  that  found  on  the  assumption 
of  a  sudden  rise  of  surface  temperature. 

The  last  element  required,  and  that  about  which  the  greatest 
uncertainty  exists,  is  the  time  that  has  elapsed  since  the  close  of  the 
Glacial  period.  On  account  of  the  small  amount  of  denudation 
accomplished,  the  tendency  of  opinion  has  recently  been  to  reduce 
the  estimates  of  the  length  of  this  intervaL  Prof.  Prestwich  even 
puts  it  at  only  eight  or  ten  thousand  years.  The  maximum  figure 
is  probably  that  given  by  Croll  of  about  eighty  thousand  years. 

Under  tlie  circumstances,  it  seems  best  to  calculate  the  change 
of  temperature  gradient  for  a  series  of  different  intervals.  In 
order  to  give  definiteness  to  the  results,  I  have  taken  the  present 
gradient  at  one  degree  in  50  feet,  and,  in  Table  I,  have  expressed 
the  value  the  gradient  must  have  had  at  the  close  of  the  Glacial 
period  on  the  assumptions  stated  above,  for  different  estimates 
of  post-Glacial  time  from  6000  to  40,000  years,  and  for  different 
changes  of  the  mean  annual  temperature  from  16^  to  22^.' 

Thus,  if  the  rise  of  mean  temperature  since  the  Glacial  period  be 
19°,  and  if  the  interval  since  its  close  be  only  9,400  years,  the 

*  The  calculations  are  performed  as  follows : — If  b  be  the  rise  of  mean  tnnntl 
teniperntiire  at  the  suriace  in  degrees,  k  the  conductivity  of  rock  expressed 
in  terms  of  its  own  capacity  for  heat,  t  the  number  of  years  dnce  the  change  of 

t*^mperature  took  place,  then  the  change  of  gradient  is  ^  -^  i/vKt  (Rev.  0.  Fisher, 
rinl.  Mag.,  vol.  xxxiv,  1892,  p.  339).  This  value,  it  should  be  remarked,  is 
indepoudeut  of  the  previous  gntdient.  Taking  Lord  Kelvin's  value  for  «,  namelv400, 
the  above  formula  becomes  02821  i-^V^-  If  *«20  and  ^  =  10000,  bi-'\/t^h 
and  the  change  of  gradient  is  '00664  degree  per  foot.  But  the  gradient  now  is 
taken  to  be  02  degree  per  foot,  so  that,  at  the  end  of  the  Glacial  period^  it  mast 
have  been  -02564  degree  ]^t  foot,  or  one  degree  in  39  feet. 
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gradient  just  before  that  close  must  have  been  one  degree  in  39  feet; 
if  the  interval  be  16,000  years,  one  degree  in  41  feet;  and  if 
27,000  years,  one  degree  in  43  feet.  Or,  again,  at  the  bottom  of 
a  mine  half-a-mile  below  the  **  surface  of  invariable  temperature," 
I.e.  about  2700  feet  deep,  the  temperature  would  be  53°  above  that 
at  the  surface  with  a  gradient  of  one  degree  in  50  feet,  68°  above 
with  a  gradient  of  one  degree  in  39  feet,  65°  with  one  of  one  degree 
in  41  feet,  and  61°  with  one  of  one  degree  in  43  feet.  In  any  case, 
it  follows  that  the  gradient  now  differs  very  sensibly  from  the  value 
it  had  at  the  close  of  the  Olacial  period. 

TABLE  I. 

Showing  Xamber  of  Feet  of  Vertical  Descent  corresponding  to  a  rise  of  1°  F.  in 
underground  temperature  at  the  close  of  me  Glacial  period. 


Number  of 
Years  since 

Assumed  Increase  of  Mean  Annual  Temperature  at  the  Surface. 

end  of  Glacial 
period. 

16° 

17° 

18° 

19° 

20° 

21° 

22° 

5000 

37-9 

37-3 

36*8 

36*3 

36-7 

36-2 

34-8 

10000 

40-8 

40-3 

39-9 

39*4 

390 

38-6 

38-2 

loOOO 

42-2 

41-8 

41-4 

410 

40-6 

40-2 

39-9 

20000 

431 

42-7 

42-4 

420 

41-7 

41-3 

410 

26000 

43-8 

43-4 

431 

42-8 

42-4 

421 

41-8 

30000 

44-2 

43-9 

43-6 

43-3 

43-0 

42-7 

42-4 

35000 

44-6 

44-3 

440 

43-7 

43*5 

43-2 

42-9 

40000 

44*9 

44-7 

44-4 

441 

43-8 

43-6 

43-3 

The  question  whether  the  present  gradient  retains  any  traces  of 
the  loe  Age  depends  upon  several  conditions,  such  as  the  mean 
annual  temperature  existing  before  the  Glacial  period,  and  the 
relative  lengths  of  the  Glacinl  period  and  the  subsequent  interval. 
Obviously,  this  is  a  question  to  which  it  is  difficult,  perhaps 
impossible  at  present,  to  furnish  any  decisive  answer.  If  the 
pre-Glacial  mean  temperature  were  the  same  as  it  is  now,  if  the 
glacial  conditions  commenced  and  ended  abruptly,  and  if,  moreover, 
the  Glacial  and  post-Glacial  periods  were  of  equal  duration,  then 
the  gradient  now  would  be  the  same  as  it  was  before  the  Glacial 
period,  that  is  assuming  the  normal  gradient^  to  have  undergone  no 
sensible  change  during  the  interval.  Supposing  the  first  two  of  the 
above  conditions  satisfied,  however,  it  may  be  worth  while  giving 
a  few  numerical  estimates  of  the  change  of  gradient  depending  on 
different  assumptions  as  to  the  lengths  of  Glacial  and  post-Glacial 
times.  These  will  be  found  in  Table  II,  which  supposes  that  the 
present  gradient  is  one  degree  in  50  feet,  and  that  the  mean  annual 
temperatures  were  constant  during  both  periods  and  differed  by  19^. 

As  the  general  opinion  seems  to  be  that  the  duration  of  the  Glacial 
period  was  much  greater  that  that  of  the  succeeding  interval,  it  is 
therefore  possible  that  some  relics  of  the  Ice  Age  are  still  to  be 
found  in  the  present  temperature  gradient. 

1  The  gradient  dae  to  the  temperature  of  solidification,  the  surface  temperature 
haying  remained  constant  ever  since. 
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A  few  praotioal  applioations  of  these  resalto  may  be  meotioiied  in 

concluHion. 


(I)  The  usual  method  of  finding  the  average  tempenitare^ 
over  large  areas  may  be  incorrect,  unless  it  is  known  UuuTall  tie 
stations  have  not  reoently  experienced  the  effects  of  a  oonsideisbU 
change  of  mean  annual  t«fm(>erature.  For  instance,  the  change  of 
gradient  in  Scotland  and  the  north  of  England  ainoe  the  Glaciit 
period  may  be  different  from  that  which  has  taken  place  iu  FiiDoa 
or  Cornwall,  and  the  average  of  the  best  determined  gradieots  is 
these  districts  is  probably  not  the  correct  average  for  the  pnsent 
epoch  due  simply  to  the  original  temperature  of  solidification. 

TABLE  II. 


Duration  in  yean  of 


Glacial  period. 


20000 
40000 
40000 
60000 
80000 


Poet-Olacial  period. 


10000 
10000 
20000 
20000 
20000 


Gradient  before  Gladal  period. 


One 


sgre 

e  in  46'8  feet 

»y 

44- 1    „ 

»» 

46-9    „ 

tt 

45-9    „ 

y» 

4dS    „ 

(2)  Estimates  of  the  earth's  age  founded  on  Lord  Kelvin's 
solution  and  conditions,  if  derived  from  a  temperature  gradient  in 
a  recently  glaciated  district,  will  err  by  being  too  great.  For 
instance,  if  the  duration  of  post-Glacial  time  be  10,000  years  and 
if  that  of  the  Glacial  period  were  four  times  aH  great,  the  normal 
temperature  gradient  at  the  present  time  would  be  nearly  one  degree 
in  44*1  feet,  instead  of  one  degree  in  50  feet  The  corresponding 
value  of  the  earth's  age  would  be  about  75  million,  instead  of  about 
100  million,  years. 

(3)  Lastly,  supposing  it  in  our  power  to  make  very  accurate 
observations  of  underground  temperature,  it  would  be  {)os8ible,  by 
comparing  gradients  in  glaciated  districts  in  the  two  hemispheres, 
to  determine  roughly  whether  their  respective  Glacial  periods  ended 
nearly  simultaneously  or  at  widely  different  epochs ;  and  thus  to 
obtain  some  suggestion  of  the  direction,  cosmical  or  terrestrial,  in 
which  to  look  for  the  origin  of  the  glacial  cold. 

v.— On  the  Chalk  of  the  London  Basin  in  regard  to  Watkb 

Supply. 

By  TV.  Whitakbr,  B.A.,  F.R.S.,  F.G.S.,  Assoc.  Inst.  C.E. 

[Reprinted  from  the  Report  of  the  Royal  Commission  on  Metropolitan  "Water 
Supply,  Appendices  to  Minutes  of  Evidence,  pp.  433-5  (1893).] 

1.  Thickness  of  the  Chalk. 

OVER  the  area  in  question  the  total  thickness  of  the  Chalk 
(where  it  can  be  measured  from  top  to  bottom,  or  nearly  so) 
varies  from  623  feet  at  Streatham  to  1146  feet  at  Norwich,  and  in 
the  latter  case  the  topmost  beds  are  absent ;  so  that  the  full  thicknesQi 
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in  some  parts  of  Norfolk,  may  be  1200  feet  or  more.  This  figure, 
however,  is  exoeptiotial,  the  nearest  to  it  recorded  liein^  890  at 
Harwich  [this  should  pn)bably  be  895,  the  Glauconitio  basal 
bed  having  been  called  Upper  Oreensand].  At  East  Horsley,  in 
Surrey,  a  thickness  of  817  feet  has  been  proved,  but  generally 
speaking  we  find  less,  and  over  a  large  area  700  feet  is  not  reached. 
It  seems  that  the  Chalk  thins  toward  London  (where  650  feet  may 
be  taken  as  about  the  usual  thickness),  not  only  from  north  and 
south  but  also  from  east  and  west.  [It  may  be  well  to  add  the 
thicknesses  proved  by  other  bonngs  outside  London.  These  are  as 
follows,  where  the  borings  have  passed  through  the  whole  formation, 
from  the  overlying  Tertiary  beds  to  the  underlying  Upper  Oreen- 
sand or  Gault :— Lought(m  651  feet,  Richmond  670,  Gheshunt  681, 
Chatham  and  the  neighbourhood  680-684,  and  Winkfield,  near 
Windsor,  725.  In  sundry  places  where  the  topmost  beds  are  missing 
we  have  the  following : — Bushey  (Herts)  686,  Chartham  (Kent)  785, 
and  Coombs  (Suffolk)  817,  which  last-mentioned  should  pntbably  be 
over  820,  for  the  same  reason  as  given  above,  for  increase  at  Harwich.] 

2.  Divisions  of  the  Chalk. 

Of  old  the  Chalk  was  usually  divided  simply  into  Upper  and 
Lower,  the  former  being  also  known  as  the  Chalk  with  flints  [but 
the  occurrence  of  flints  is  not  always  a  safe  guide].  Of  late  years, 
however,  a  further  division  has  been  made  by  the  splitting  up  of 
the  old  Lower  Chalk  into  Middle  and  Lower.  This  last,  too,  is 
often  again  divisible,  by  the  separation  of  its  lower  member,  the 
Chalk  Marl. 

Besides  these  divisions  certain  zones  have  been  marked  off,  but 
chiefly  from  the  more  or  less  common  occurrence  of  certain  fossils 
in  them.  These  zones,  however,  need  not  lie  noticed  now;  it  is 
enough  to  note  the  divisions  that  are  based  on  structural  features 
and  that  occur  over  large  tracts. 

The  Upper  Chalk  of  this  great  district  is  marked  by  the  general 
prevalence  of  flints,  mostly  as  separate  nodules,  in  layers  or  scattered; 
but  also  in  continuous  sheets.  Often,  however,  we  find  a  considerable 
thickness  in  which  flints  are  very  rare.  No  other  peculiar  structure 
is  notable  in  this  division  ;  the  beds  are  sometimes  thick,  sometimes 
comparatively  thin,  and  usually  there  are  more  or  less  marked  planes 
of  jointing. 

The  Middle  Chalk  is,  on  the  whole,  without  flints ;  but  sometimes 
a  few  flints  are  found  in  it  toward  the  middle  part.  It  is  thick- 
bedded  and  jointed.  Its  top  is  generally  shown  by  the  presence  of 
hard  beds,  consisting  of  cream-coloured  crystalline  limestone  where 
well  developed,  and  with  green-coated  nodules.  This  is  known  as 
the  Chalk  Hock,  and  is  often  to  be  seen  in  Hants,  Wilts,  Berks, 
■Oxon,  Bucks,  Beds,  and  Herts.  It  is  less  clear  in  Essex  and 
Cambridgeshire,  has  not  been  noticed  in  Suffolk,  and  but  one  section 
is  known  in  Norfolk.  In  Surrey  and  Kent,  though  no  bed  with  the 
diHtinct  lithological  character  of  the  Chalk  Rock  has  been  seen,  yet 
microsoopic  investigation  proves  that  it  is  represented.     The  bottom 


862  W.  JThilaker^Chalk  of  the  London  Basin, 

of  the  Middle  Chalk,  again,  is  defined  by  beds  of  hard  chalk,  known 
as  the  Melboum  Rock,  of  a  more  distinctly  bedded  character  than 
the  chalk  above,  and  having  usually  a  nodular  structure  and  some* 
times  a  brecciated  one.  As  far  as  our  work  in  dividing  the  Chalk 
has  yet  gone,  this  bed  is  proved  to  be  of  constant  occurrence,  though 
Tarying  in  its  amount  of  distinctness.  [Since  this  paper  was  written, 
it  has  been  found  that  the  Melboum  Hock  is  absent  in  the  far  west, 
in  Devonshire.] 

The  Lower  Chalk  is  distinguishable  from  the  Middle  Chalk  hy 
the  much  thinner  character  of  its  beds,  the  planes  of  bedding  being 
sometimes  emphaxized  by  marly  partings  [especially  in  the  Belemnite 
Marl,  which  next  underlies  the  Melboum  Rock]  It  is  often  slightly 
clayey,  and  the  Chalk  Marl  is  sometimes  particularly  so.  This 
lowest  member  is  in  places  separated  fairly  sharply  from  the  rest  by 
a  third  hard  bed,  the  Totternhoe  Stone,  a  gritty,  brownish-grey,  firm 
bed.     There  are  no  flints  in  the  Lower  Chalk  of  the  London  Basin. 

Any  attempt  to  divide  the  Chalk  into  White  Chalk  and  Grey 
Chalk  is,  I  think,  inconvenient.  Colour  is  generally  a  very  had 
guide  in  making  stratigraphic  divisions,  and  the  greyness  of  chalk 
sometimes  depends  on  its  dampness  rather  than  on  any  inherent 
colouring.  Moreover,  the  term  Grey  Chalk  has  been  used  in  so 
varying  a  way  as  to  have  become  confusing.  Sometimes  it  has 
been  limited  to  the  Chalk  Marl ;  sometimes  it  has  been  used  for  the 
whole  of  the  Lower  Chalk ;  now  Prof.  Dawkins  seems  inclined  to 
include  the  Middle  Chalk  also  under  this  head.  In  the  first  two 
cases  the  term  is  simply  a  synonym,  and  therefore  useless ;  in  the 
last  it  joins  together  two  divisions  which  are  distinctly  separable, 
and  is  therefore  worse  than  useless. 

As  the  divisions,  Upper,  Middle,  and  Lower  Chalk,  have  been 
mapped,  more  or  less  completely,  by  the  Geological  Survey,  in  the 
London  Basin,  from  Hants  and  Wilts  through  Berks,  Oxon,  Bucks, 
Beds,  Herts,  Essex,  Cambridgeshire,  and  Norfolk  (partly),  and  also 
outside  the  London  Basin,  in  parts  of  [Devon],  Somerset,  Dorset, 
Wilts,  and  Hants,  and  all  through  Sussex,  I  think  that  they  may  be 
accepted  as  practical. 

3.  Flow  of  Water  in  the  Chalk. 

The  passage  of  water  through  the  Chalk  occurs  in  three  ways. 

(1)  Through  the  pores  of  the  rock.  As  these  are  very  small, 
sometimes  indeed  practically  closed,  this  is  of  course  a  slow  process, 
and  results,  in  underground  work,  merely  in  the  weeping  or  oozing 
out  of  water  from  the  cut  surfaces.  Nevertheless,  there  may  he 
exceptional  cases  where,  from  greater  openness  in  the  rock,  a  greater 
quantity  of  water  may  pass  through. 

(2)  Along  planes  of  bedding,  or  the  originally  horizontal  layers 
of  which  the  Chalk  is  built  up.  Sometimes  the  passage  of  water 
along  these  planes  is  insignificant,  but  sometimes  it  is  very  marked, 
and  this  naturally  occurs  where  the  bedding  is  more  definite  or 
somewhat  open,  as  along  layers  of  flints.  Where,  too,  marly  layers 
occur,  their  more  impermeable  character,  as  compared  with  the  rest 
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of  the  Chalk,  is  likely  to  cause  a  flow  of  water ;  so  also  may  aa 
alteroatioQ  of  more  open  with  morei  compact  rock. 

(3)  The  chief  means  of  water-communication  through  the  Chalk 
is  by  the  more  or  less  vertical  fissures  that  occur,  either  along  planes 
of  jointing  (structural  planes  produced  after  solidification,  and  not 
connected  with  bedding),  or  more  rarely,  along  faults  or  cracks. 
Joint-planes  are  nnivei'sal  in  the  Chalk  and  mostly  very  plentiful, 
though  often  they  are  so  closed  as  to  allow  the  passage  of  but  little 
water.  They  can  readily  be  seen  in  pits,  and  it  is  generally  found 
that  the  chief  ones  have  a  more  or  less  definite  direction  over  large 
tracts,  a  good  example  of  this  being  given  by  the  highest  Chalk  of 
East  Kent,  in  which  the  chief  joint-planes  run  in  a  north- westerly 
and  south-easterly  direction,  as  is  the  case  also  near  Grays,  in  Essex. 
The  planes  of  master-jointing  are  connected  by  other  planes  running 
across  them. 

In  underground  work  it  is  sometimes  found  that  the  chalk  is 
afiected  by  a  great  number  of  these  joint-planes,  none  being  open, 
and  each  giving  passage  to  only  a  small  quantity  of  water,  though 
the  result  of  the  whole  may  be  very  satisfactory.  In  other  cases 
a  long  extent  of  chalk  may  be  passed  through  with  but  very  slight 
result  as  regards  water-yielding  fissures,  and  then  a  large  fissure 
may  be  suddenly  struck  and  a  great  quantity  of  water  found. 

It  is  very  likely  that  in  many  of  the  swallow-holes  (which  will 
be  described  in  a  separate  paper)  the  water  enters  the  Chalk  at 
a  fissure  or  crack,  in  fact  along  a  plane  of  weakness. 

The  above  remarks  refer  to  the  ways  in  which  water  gets  down- 
ward into  the  body  of  the  Chalk  ;  it  may  be  well  to  consider  its  more 
horizontal  course  toward  the  parts  where  it  finds  an  outflow  in  springs. 

Tbe  fissures  alluded  to  naturally  form  a  means  of  communication, 
not  only  more  or  less  vertically  downward,  but  also  lengthwise 
along  their  courKC,  from  the  higher  to  the  lower  grounds. 

The  same,  too,  would  be  the  case  with  planes  of  bedding,  where 
they  are  fairly  marked ;  but  it  has  occurred  to  me  that  sometimes 
too  much  may  have  been  credited  to  bedding-planes  in  this  matter. 
From  the  fact  that  the  Chalk  dips  inward,  from  its  generally  lofty 
escarpment  to  the  lower  ground  formed  by  the  margin  of  the 
Tertiary  Basin,  and  that  therefore  the  dip-slopes  of  the  Chalk  form 
by  far  the  broadest  parts  of  the  outcrop,  it  follows  that  the  water  in 
the  Chalk  would  have  a  general  flow  in  that  direction,  or  inward  to 
the  central  part  of  the  Basin.  This  flow  in  the  direction  of  the  dip 
is,  of  conrse,  subject  to  lateral  change,  where  valleys  ai*e  cut  through 
the  Chalk  to  some  depth,  and  an  outlet  for  water  is  made. 

When,  however,  we  examine  other  smaller  tracts,  where  the 
slope  of  the  surface  does  not  go  with  the  dip  of  the  beds,  we  find 
a  wholly  different  state  of  things.  The  one  constant  and  recognized 
exception  is  the  face  of  the  great  escarpment,  that  is  the  outward 
and  generally  abrupt  slope  of  the  Chalk  ;  the  crest  of  the  escarpment 
forms  a  watershed,  and  the  underground  water  flows  outward,  in 
the  direction  of  the  slope,  which  Ts  the  reverse  of  the  dip.  The 
many  springs  that  occur  at  or  near  the  foot  of  the  escarpment  are 
proof  of  this  flow. 
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In  the  more  exceptional  cases  where  the  escarpmenf  is  not  a  simple 
ridge,  but  a  double  one,  the  two  ranges  some  waj  apart  (as  near 
Luton),  there  is  a  greater  area  subject  to  this  flow  against  the  dip, 
and  still  more  so  is  this  the  case  where,  instead  of  the  usual  bold  • 
abrupt  ridge,  we  have  a  more  gentle  and  therefore  a  broader  slope 
(as  in  Norfolk) ;  so  that  over  a  tract  some  miles  in  width  the  plane 
of  saturation  will  slope  in  a  direction  opposite  to  the  dip. 

Another  marked  exception  is  given  by  a  range  of  sea-oliffii,  where 
this  runs  along  the  dip,  or  at  no  very  great  an^^le  with  the  direction 
of  the  dip,  as  on  the  coast  near  Dover,  in  which  case  the  water  finds 
a  ready  outlet  along  the  free  margin  formed  by  the  cliffs,  and  takes 
a  shorter  course  more  or  less  across  the  dip,  instead  of  a  longer  one 
following  the  dip. 

In  short,  the  underground  flow  depends  generally  on  the  surface- 
contour  ;  the  water  can  generally  flow  across  the  bedding  when  it 
can  more  speedily  reach  an  outlet  by  such  a  course. 

4.  Bblatiom  or  thi  Struoturi  and  Position  of  thi  Cbalk  to 

Water  Supply. 

Turning  now  to  the  bearing  of  the  different  divisions  and  of  the 
various  structures  of  the  Chalk  on  the  question  of  water  supply, 
we  find,  in  the  first  place,  that  the  greater  part  of  the  area  of  out- 
crop is  formed  by  the  Upper  Chalk,  which,  rising  up  from  beneath 
the  Tertiary  beds,  reaches  right  on  to  the  top  of  the  great  escarpment, 
or  bounding-ridge,  except  where  cut  through  by  valleys,  which  lay 
open  lower  beds.  Where  the  encarpment  is  all  in  one,  as  is  commonly 
the  case,  and  is  abrupt,  it  follows  that  the  outcrop  of  the  lower 
divisions  is  narrow,  very  narrow  as  compared  with  the  broad  tract 
of  Upper  Chalk  inward  from  the  escarpment  This  division,  too,  is 
the  thickest  of  the  three. 

The  Upper  Chalk,  therefoi"e,  must  be  the  great  gathering  gronnd 
for  water;  and,  as  the  water  sinks  downwojd  to  low  levels,  to  the 
boundary  of  the  Tertiary  beds,  so  that  the  plane  of  saturation  comes 
near  to,  and  sometimes  up  to,  the  surface  of  the  ground,  it  folhiws  • 
that,  as  a  general  rule,  this  division  must  be  the  great  water-yielding 
one,  and  that  works  for  vast  supplies,  over  most  of  the  area  in 
question,  must  be  established  near  the  outcrop  from  beneath  the  . 
Tertiary  beds,  where  the  plane  of  saturation,  though  near  the 
surface,  is  at  a  low  level,  so  that  underground  water  tends  to  flow 
down  to  such  works  and  to  replace  that  pumped  out  from  them. 

It  seems  to  me  that  the  place  taken  by  the  Upper  Chalk  as  the 
great  water-bearing  bed  may,  perhaps,  be  owing  to  its  favourable 
position  rather  than  to  its  structure.  There  is  nothing,  as  a  rule, 
to  prevent  water  sinking  down  through  the  Upper  into  the  Middle 
Chalk,  and  we  find  that  at  high  levels,  toward  the  escarpment,  the 
former  is  dry,  its  base  being  above  the  plane  of  saturation,  which 
sometimes  may  be  very  far  down  in  the  latter.  In  its  frequent 
layers  of  flints  the  Upper  Chalk  may  have  some  advantage  over 
the  Middle  Chalk,  in  regard  to  the  flow  of  water  inward  from  the 
higher  grounds;  but  probably  these  also  sometimes  act  as  a  hindrance 
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to  the  downward  sinkinfi^  of  water  in  the  rock.  In  the  matter  of 
fissures  there  may  be  little  dififerenoe  between  the  two  divisions,  and 
the  Middle  Chalk  Buffers  from  having  mostly  a  far  greater  mass  of 
other  beds  over  it,  which  would  tend  to  close  its  fissdres. 

The  Chalk  Rock,  whioh  forms  the  top  surface  of  the  Middle  Chalk, 
where  well  developed,  is  favourable  to  the  passage  of  water  along 
it,  being  usually  markedly  jointed,  and  so,  xohen  below  the  level  of 
saturation^  is  often  a  water-yielding  bed ;  but  when  above  that  level, 
there  is  nothing  to  stop  its  being  dry. 

Where  the  escarpment  forms  a  long  gentle  slope,  as  in  Cambridge- 
shire and  Norfolk,  the  outcrop  of  the  Middle  Chalk  is  fairly  broad, 
and  much  water  must  sink  through  the  rock  and  find  its  way  out 
in  the  springs  on  the  westward  slope. 

Where,  too^  the  outcrop  of  the  Middle  Chalk,  though  usually 
much  less  in  width,  is  cut  back  by  valleys  that  breach  the  upper 
part  of  the  great  escarpment,  as  is  the  case  with  the  valleys  of  the 
Lea  (in  Beds),  of  the  Gade  and  of  the  Bulbourn  (in  Herts),  of 
the  Misboum  and  of  the  Loud  water  (in  Bucks),  of  the  Thames 
itself  and  of  the  Lambourn  and  of  the  Rennet  (in  Berks  and  Wilts), 
there,  again,  much  water  is  collected  by  this  division,  and  many 
springs  issue  from  it,  and  feed  the  Thames  by  its  various  tributaries. 

The  Melbourn  Book,  at  the  base  of  the  Middle  Chalk,  is  some- 
times water-bearing,  by  reason  of  the  bed  next  below  (known  as 
the  Belemnite  3Iarl)  being  mostly  of  a  rather  clayey  character ; 
so  that,  under  favourable  conditions,  it  may  delay  the  downward 
passage  of  water. 

The  Lower  Chalk,  being  generally  more  clayey  than  the  upper 
two  divisions,  is  less  free  to  the  passage  of  water.  Moreover,  its 
outcrop  is  mostly  narrow,  and  it  is  not  laid  open  along  valleys  as 
the  31iddle  Chalk  often  is.  Circumstances,  therefore,  are  clearly 
against  this  division  in  the  matter  of  water. 

There  are,  however,  places  where,  from  favourable  conditions 
arising,  much  water  occurs  in  the  Lower  Chalk,  and  three  special 
cases  may  be  noticed,  the  more  so  as  they  have  largely  to  do  with 
the  lowest  and  usually  the  most  clayey  part  of  the  division,  the 
Chalk  Marl. 
,  (1)  In  Bucks,  Beds,  Herts,  and  Cambridgeshire,  there  is,  at  the 
top  of  the  Chalk  Marl,  a  marked  hard  bed,  of  a  somewhat  gritty 
character,  known  as  the  Totternhoe  Stone,  which  is  permeable.  As 
the  water  sinking  into  this,  either  directly  or  through  the  overlying 
chalk,  is  stopped  in  its  downward  course  by  the  more  clayey  beds 
below,  springs  are  of  frequent  occurrence  along  the  line  of  outcrop 
of  the  stone. 

(2)  In  Bucks  there  is  sometimes  a  hard  permeable  bed  in  the 
Chalk  Marl,  which  also  gives  rise  to  springs. 

(3)  In  Western  Norfolk  the  Chalk  Marl  loses  its  clayey  character, 
and  passes  northward  into  hard  jointed  chalk.  The  Lower  Chalk 
as  a  whole,  too,  is  harder  than  usual,  and  more  permeable.  The 
result  is  that  powerful  springs  occur  either  at  the  very  base  of 
the  Chalk  or  some  little  way  above  it,  and  are  probably  the  best 
Boaree  of  local  water  supply. 
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A  cane  in  point  is  the  supply  of  Wisbech,  together  with  many 
-villages  in  the  Fens,  fi-om  a  spring  that  breaks  ont  at  the  edge  of 
the  Fen  in  the  valley  of  the  Nar,  at  Marham,  some  seven  miles 
south-eastward  of  Lynn. 

Of  fairly  large  supplies  got  from  beds  below  the  Upper  Chalk, 
in  the  Basin  of  the  Thames,  Lnton  and  the  Chiltem  Hills  Water- 
works (near  Tring)  may  be  mentioned.  Several  smaller  towns,  too, 
depend  on  the  same  beds,  along  the  northern  outcrop  of  the  Chalk. 
On  the  south  the  outcrop  of  the  lower  beds  is  narrower,  but  varions 
wells  have  been  carried  through  the  Upper  Chalk  to  these  beds,  as 
in  the  case  of  the  Eenley  and  Caterham  Waterworks.  Maidstone 
gets  a  great  part  of  its  supply  from  Lower  Chalk  springs,  and 
Folkestone  gets  the  whole. 

As  a  general  rule  there  is  more  or  less  communication  downward 
through  the  Upper  and  Middle  into  the  Lower  Chalk,  so  that  the 
water  in  the  Chalk  may  usually  be  treated  as  a  whole.  Nevertheless 
there  are  esses  where,  from  the  occurrence  of  less  permeable  beds 
in  the  Chalk  over  certain  tracts,  there  may  be  independent  supplies 
at  various  depths,  and  cases  in  point  have  been  alluded  to  above, 
with  regard  to  the  Mel  bourn  Hock  being  underlain  by  clayey  beds, 
and  to  the  Totternhoe  Stone  as  a  local  water-bearing  bed.  There 
seem,  too,  to  be  cases,  even  in  the  midst  of  the  Upper  Chalk, 
where,  from  the  occurrence  of  more  compact  beds  at  certain  depths, 
there  is  some  division  in  the  water;  and  again,  where  strongly 
marked  joint-planes  are  of  rare  occurrence,  but  fairly  open  where 
they  occur,  we  may  have  lateral  division  in  the  water  flowing 
through  the  Chalk,  and  this  water  may  therefore  tiike  the  form  of 
more  or  less  defined  and  separate  undergi'ound  streams. 

In  conclusion,  I  would  point  out  that  though  there  are  general 
rules  as  to  water  in  the  Chalk,  these  must  not  be  taken  as  universal: 
we  must  be  ready  for  exceptions,  and  sonietiraes  for  great  ones.  To 
give  what  may  be  called  a  political  illustration — whilst  there  are 
imperial  laws  regulating  the  conduct  of  water  in  the  Chalk 
kingdom,  yet  the  various  provinces  of  which  that  kingdom  is 
composed  need  special  legislation  of  their  own :  rules  that  hold 
in  one  province  may  not  accord  with  the  manners  and  customs  of 
another  [and  the  same  holds  for  still  smaller  districts].  In  short, 
it  is  a  case  not  only  for  Imperial  but  also  for  Local  Government. 


Geological  Society  op  South  Africa. 
I. — Inaugural  Address  by  the  President,  Dr.  Hugh  Exton,  F.G.S. 

AFTER  some  congratulatory  retnarks  on  the  installation  and 
progress  of  the  Society,  Dr.  Exton  referred  to  the  interesting 
studies  to  be  made  in  various  branches  of  Natural  Science,  including 
particularly  Anthropology  and  Geology.     The  pioneers  of  Geology 
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in  Afrioa,  Mr.  A.  O.  Bain,  Mr.  Wylie,  and  Mr.  Stow,  had  opened 
the  way  to  the  solving  of  many  intereBting  problems,  such  aa  the 
origin  of  the  great  bed  of  breccia  crossing  the  continent,  known  as 
the  Ecca,  or  l)wyka  Conglomerate,  and  the  formation  of  the  great 
valleys  dividing  the  wide  areas  of  Karoo  strata,  some  of  the  latter 
comprising  rich  Diamond*fields  and  valuable  Coal-fields.  Still 
further,  the  consideration  of  the  nature  and  origin  of  the  backbone 
of  the  Cape  country  and  the  Transvaal,  whether  granitic  or  quartzitic, 
often  highly  auriferous,  offer  grand  opportunities  for  geological  ex- 
planation and  discussion.  Nothing  in  the  known  world  approaches 
the  banket  reef  of  Witwatersrand,  either  in  the  area  of  country 
through  which  it  extends,  or  the  average  uniformity  in  its  mineral 
richness.  If  we  consider  that  within  the  past  twelve  months  there 
has  been  an  output  of  gold  to  the  value  of  seven  millions  sterling, 
and  when  we  see  from  the  working  of  new  companies,  and  from 
the  more  scientific  methods  of  treating  the  ores,  that  this  output  is 
steadily  increasing,  we  may  feel  confident  that  these  gold-fields  form, 
a  centre,  to  which  the  whole  civilized  world  is  looking  with  profound 
admiration  and  eager  expectation. 

'*But  there  is  another  factor  in  connection  with  the  gold-mining 
industry  which  we  accept  too  readily  as  a  matter  of  course,  and  that 
is  the  coal  supply,  not  considering  the  utter  impossibility  of  working 
the  mines  without  the  steam-power  generated  by  coal ;  since  the 
supply  of  wood  for  fuel  (which  was  used  in  the  early  days  of  the 
Rand)  not  only  failed  to  keep  pace  with  the  growing  demand,  but 
by  its  great  expense  stopped  the  development  of  the  poorer  mines, 
and  threatened  to  render  the  cost  of  production  in  the  richer  mines 
greater  than  the  value  of  the  gold  obtained.  So  far  back  as  1854 
Dr.  Sutherland  directed  attention  to  the  existence  of  coal  in  Natal. 
Mr.  Dunn's  observations,  made  on  behalf  of  the  Colonial  Govern- 
ment, were  published  in  1^579,  the  chief  results  of  which  consisted 
in  establisihing  the  relation  of  the  Ecca  beds  and  Earoo  series  to  the 
coal-seams  of  the  Cape  Colony.  Indeed,  up  to  1883,  so  little  had 
been  done  by  way  of  proving  the  existence  of  workable  coal-seams 
that  Professor  Green,  in  his  Report  to  the  Colonial  Government, 
recommended  that  '  suitable  rewards  should  be  offered  for  the 
discovery  of  coal  as  likely  to  be  attended  with  useful  results.' 
Active  search  has  resulted  in  discovering  the  existence  of  coal  at 
various  points  over  a  wide  extent  of  country.  It  is,  of  course,  of  the 
highest  importance  that  coal  should  be  free-burning  and  have  the 
property  of  giving  out  heat ;  and  these  qualities  are  acknowledged 
to  have  been  deficient  in  the  coal  obtained  from  seams  firat  opened 
out  in  the  colony.  Professor  Rupert  Jones  has  summarized  the 
reports  of  Mr.  Dunn.  Mr.  North,  Professor  A.  H.  Green,  and  others, 
who  all  agree  in  attributing  the  deposits  of  coal  to  vegetable  matter 
subsiding  in  fresh-water  lakes.  I'he  absence  of  marine  fossils  was 
also  noted  by  each  observer.  Subsequent  flooding  of  such  lakes 
by  currents  bearing  sand  and  mud  would  account  for  the  shales 
with  which  the  coal  is  so  plentifully  interstratitied.  Evidence  of 
the  coal    having  been   formed  from  drift  vegetation  lies  in   the 
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absenoe  of  an  nnderolay  beneath  the  coal-seams,  such  as  is  generally 
found  l)elow  European  and  American  coal-beds,  and  in  which  the 
roots  of  Siigmarim  and  other  plants  are  to  be  fonnd.  AccordiDg 
to  the  observations  of  Mr.  Draper,  the  coal  now  being  worked  st 
Yereeniging,  by  Messrs.  Lewis  and  Marks,  has  a  soft  layer  of 
whitish  clay  underlying  the  coal ;  bnt,  as  if  to  prove  the  fotiiity 
of  applying  general  theory  to  each  particnlar  case  in  Sooth  Africsn 
geology,  this  underlying  clay  is  apparently  a  decomposed  sheet  of 
dolerite,  which  had  intruded  below  the  coal,  and,  in  many  parts, 
penetrated  into  it,  changing  the  coal  into  coke  in  the  neighltonrbood 
of  the  intrusion,  and  giving  it  more  the  nature  of  anthracite  throogfa- 
out  its  area.  The  endeavour  to  establish  a  geological  horizon  for 
the  coal-beds  in  South  Africa  has  not  hitherto  led  to  mnch  practical 
result.  We  have  Professor  Seeley*s  recent  opinion  that  coal  most 
not  be  looked  for  below  the  strata  containing  the  remarkable 
characteristic  fossil  reptilia.  Further,  we  have  Mr.  Stow'a  original 
deduction  that  coal  would  be  fonnd  from  70  to  150  feet  below  the 
silicified  tree-stems  which  he  traced  over  a  laige  area  in  the  north 
of  the  Cape  Colony,  and  over  a  still  greater  extent  in  the  Free  State, 

and  which  he  termed  the  forest  zone Mr.  Stow*s  prediction 

that  the  coal  would  be  found  to  crop  out  on  the  north-west  of  his 
forest  zone  has  since  been  abundantly  verified  at  the  Vaal  Kiver. 
Nothing  like  a  true  Carboniferous  system  has  yet  Iteen  made  out 
for  South  Africa ;  and  though  ferns,  such  as  OloBsopteris,  have 
been  found,  this  and  some  others  are  looked  upon  as  survivals  of 
Carboniferous  plants  into  Jurassic  times." 

After  some  observations  on  the  Coal-beds  in  the  Stormberg  and 
at  Lake  Nyassa,  of  the  same  Karoo  series,  Dr.  Exton  concluded  with 
an  exhortation  to  geologists  to  lose  no  opportunity  in  elucidating  the 
many  interesting  and,  indeed,  most  important  problems  lying  nt 
their  feet  in  the  subterranean  strata,  and  before  their  eyes  in  the 
many  and  varied  escarpments  of  hills  and  mountains  around  them. 


IL — Glacial  Peogbkss.   By  Captain  Marshall  Hall,  F.C.S.,  F.GS. 

[From  the  "Alpine  Journal,"  No.  128,  May,  1895.] 

SINCE  the  appointment  of  the  Sub-Committee  upon  Glacier 
Observations  *  sufficient  time  has  not  yet  elapsed  for  many 
exact  data  to  have  come  to  hand,  with  one  very  brilliant  exception — 
that  of  New  Zealand. 

Amongst  the  explorers  of  the  Southern  Alps  are  men  not  only 
mountaineers,  but  who  are  also  greatly  interested  in  these  problems, 
shrewd  observers  and  efficient  officers  of  the  New  Zealand  Survey. 
We  have  the  novelty  of  new  excursions,  combined  with  the  deter- 
mination of  a  series  of  positions  upon  which  to  found  future 
measurements,  and  all  this  in  mountain  ranges  till  recently  scarcely 
known.  The  writer  will  give  a  summary  of  this  work  (with  great 
conciseness,  the  result  of  instructions  he  has  received).     In   the 

^  GxoL.  Maq.,  1896,  March  Number,  p.  144. 


Nbtiees  of  Memaira — Olacial  Progress.  369 

absence  of  key  maps,  he  omits  tables,  which  would  not  be  under- 
stood without  dia^^ms  of  the  various  localities. 

In  the  year  1892  an  exploration  was  made  in  the  hopes  of  finding 
some  praotioable  route  for  a  road  from  the  west  coast,  Middle 
Island,  New  Zealand,  across  the  main  range  to  "The  Hermitage/' 
Although  this  object  was  not  completely  attained,  materials  for 
a  survey  of  the  country  were  collected,  and  a  map  by  Mr.  C.  E. 
Douglas,  explorer,  Westland,  is  published  in  the  Report  for  1893  of 
the  New  Zealand  Surveyor- General,  as  also  a  sketch  of  the  geological 
formation  of  Copland  District  and  sundry  inspiring  views  of  glaciers 
and  peaks.  Messrs.  Douglas  and  Guttance  describe  the  Copland, 
Lyttle,  Strauchoni  and  Cuttance  glaciers  amongst  other  features  of 
the  scenery. 

In  the  Report  for  1894  Mr.  Douglas  gives  an  account  of  a  survey 
of  the  Westland  Alps,  with  the  assistance  of  Mr.  A.  P.  Harper,  from 
November,  1893,  to  April,  1894.  On  this  expedition  a  satisfactory 
triangulation  was  carried  up  several  glaciers.  In  the  case  of  Franz- 
Joseph  Glacier,  points  in  its  neighbourhood  and  on  the  ice  itself 
were  determined  in  sufficient  number  to  a£ford  data  for  estimating 
its  future  movements  and  bulk.  This  will  serve  as  a  typical  glacier 
on  the  north-west  side  of  the  range.  Its  '*  snout,"-  692  feet  only  above 
the  sea,  is  but  four  miles  distant  from  the  beach,  in  lat.  43^  25'  3(y'  S., 
and  long.  170°  !(/  58"  E.  It  has  made  great  winter  advance  and 
summer  retreat.  Debris  from  lateral  ranges  have  lodged  in  crevasses 
of  the  higher  layers  of  ice,  which  further  down  have  become  the 
lower  layers,  the  upper  ice  pushing  over  the  lower, — as  is  exemplified 
in  photographs  to  be  found  in  the  library  of  the  Alpine  Club — 
showing  itself  in  alternate  clear  and  dirty  ice.  The  upper  ice 
overlaps  and  breaks  off  at  the  terminal  face,  as  also  shown  in  the 
photographs.  Other  illustrations  and  maps  will  be  seen  in  the  Survey 
Report  for  1894,  together  with  a  text  full  of  interest.  Over  one 
matter  the  writer  has  been  much  exercised.  Mr.  A.  P.  Haq)er  gives, 
at  page  7-7,  a  table  of  rates  of  ice  movement  during  his  sta}'.  An 
average  of  his  figures  at  different  stations  gives  the  daily  rate  as 
154-2  inches.  But  five  other  entries  are  so  different,  being  5",  30", 
63",  23*6",  and  7*28",  that  to  strike  a  mean  of  these  figures  would 
evidently  mislead.  Iliey  refer  to  distances  from  the  sides  of  the 
glacier.  At  page  73  Mr.  Douglas  makes  a  statement  of  considerable 
interest  to  students  of  ancient  glaciers.  He  says  :  /'  In  valleys  con- 
taining large  glaciers  I  have  always  found  four  tiers  of  terraces,  or 
old  ice-lines,  as  if  there  had  been  four  distinct  periods.  These  lines 
keep  a  wonderfully  regular  distance  from  each  other,  and  their 
inclination  is  very  uniform,  from,  say,  4000  feet  to  600  feet  or 
700  feet The  larger  the  valley  the  more  gentle  the  slope." 

Mr.  T.  N.  Brodrick,  C.E.,  sent  a  paper,  accompanied  with  four 
maps,  to  the  writer.  The  most  important  part  of  Mr.  Brodrick's 
work  is  a  triangulation  and  survey  carried  up  the  Mueller  glacier, 
during  which  were  determined,  not  only  the  position  of  stones  on 
the  ice  relatively  to  stations  on  the  huge  lateral  moraines,  but  the 
distance  and  bearings  of  many  such  blocks  from  each  other.     These 
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pofiitions  were  first  fixed  on  March  29,  1889,  re-determined 
November  14,  1890,  and  again  December  3,  1893.  llie  meaanre- 
nients  bo  far  showed  (what  has  been  found  elsewhere)  that  the  sides 
move  more  slowly  than  the  centre ;  that  the  ice  moves  more  slowly 
as  it  approaches  the  terminal  face ;  that  the  current  is  varied  by 
surroonding  circnmstances,  snch  as  bends  of  the  glacier  and, 
probably,  the  unevenness  of  its  bed. 

Its  daily  rate  is  not  constant;  a  comparison  of  the  rate  for  1889-90 
with  that  for  1890-93  shows  a  decrease  of  speed  during  the  latter 
period.  Here  we  ask,  how  as  to  bulk  in  those  years?  Fluctuations 
of  the  terminal  faces  of  the  Tasman  and  Mueller  glaciers  have  been 
constantly  remarked,  but  changes  have  not  lasted  sufficiently  long 
to  show  if  the  ice  be  retreating  or  advancing.  Captain  Hutton,  F.RSm 
President  of  the  New  Zealand  Alpine  Club,  states  that  about  1882 
the  Mueller  glacier  reached  over  the  Hooker  River  to  the  side  of 
Mount  Cook,  and  sheep  were  taken  over  on  the  ice.  Traverses  were 
made  of  the  terminal  faces  of  the  Tasman  in  November,  1890,  and 
of  the  Mueller  in  March,  1889,  and  November,  1890.  Mr.  Brodrick 
says  that  the  Hooker  River  so  modifies  the  contour  of  the  Mueller 
that  the  experiment  has  failed  to  demonstrate  short  changes  satis- 
factorily, though  these  traverses  will  no  doubt  be  of  interest  in 
the  future.  During  a  recent  period  all  the  Canterbury  glaciers 
appear  to  have  been  in  retreat,  but  latterly,  and  for  a  number  of 
years,  to  have  been  stationary. 

There  is  no  evidence  of  ploughing  up  the  earth  and  leaving  it  in 
ridges,  and  falling  stones  are  in  great  measure  stopped  by  lateral 
moraines,  and  do  not  reach  the  ice.  Mr.  Brodrick  gives  tables  of 
rates  of  motion,  and  one  of  the  areas  of  six  glaciers,  together  with 
that  of  the  sources  of  supply,  as  regards  n^v6. 


I^  E  V  I  E  "W^  S- 

The  Skismological  Journal  op  Japan.  Vol.  IV.  1895  (corre- 
sponding to  vol.  XX  of  the  "Transactions  of  the  Seismological 
Society) :  Edited  by  Prof.  J.  Milnk.     pp.  xxi  +  367. 

Contents:    A  Catalogue  of  8331  Earthquakes  recorded  in  Japan  between  ISSo 
and  1892,  by  Trot.  John  Milne,  F.R.S.,  F.G.S. 

MANY  of  the. preceding  volumes  of  this  well-known  series  may 
have  possessed  a  wider  interest,  but  few,  if  any,  are  of  greater 
value,  or  will  more  profoundly  influence  the  progress  of  seismolojijy, 
than  that  which  is  now  before  us.  This  evidently  is  a  work  which 
is  neither  to  be  "  tasted  "  nor  **  swallowed,"  nor  even  to  be  **  chewed 
and  digested."  It  is  intended  for  those  who  make  books,  not  for 
those  who  read  them.  It  will  be  the  parent  of  many  papers.  For 
in  these  somewhat  unattractive- looking  pages  are  gathered  materials 
for  the  harmonic  analyzer  and  facts  for  the  student  of  terrestrial 
evolution.  Only  the  labour  is  required,  and  that  will  soon  be 
forthcoming,  and  we  shall  know  something  about  the  laws  which 
govern  the  distributioii  of  earthquakes  in  space  and  time,  at  any 
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mtf)  in  the  oountry  where  they  have  been  most  widely  and  saccess- 
fully  studied. 

More  than  nine- tenths  of  the  volume  is  oocnpied  with  two  great 
catalogues.  In  the  first  of  these  we  find  the  time  of  occurrence  of 
every  earthquake,  the  extent  of  /and-area  shaken,  and  figures  which 
by  reference  to  an  index-map  give  the  approximate  position  of  the 
epicentre  and  the  boundary  of  the  disturbed  area;  in  the  second, 
the  lengths  of  the  axes  of  the  disturbed  area  (thus  giving  the  total 
area),  the  distance  of  the  epicentre  from  the  shore  when  submarine, 
and  the  seismic  district  to  which  the  earthquake  belongs.  The 
importance  of  the  catalogues  will  be  evident  from  this  brief 
summary. 

In  the  prefatory  pages,  Prof.  Milne  gives  an  account  of  some  of 
the  first  results  which  have  been  derived  from  a  study  of  these 
materials.  Mr.  Omori  has  investigated  the  distribution  of  after- 
shocka  in  space  and  time,  and  has  already  published  an  important 
memoir  on  the  subject  (see  "Natural  Science"  for  June).  On  a 
reduced  index-map,  the  distribution  of  seismic  centres  in  Japan  is 
clearly  exhibited.  From  this  we  learn  that  the  central  portions 
of  the  country  are  remarkably  free  from  earthquakes,  and  it  is 
interesting  to  notice  that  these  are  the  very  districts  where  mountains 
and  active  volcanoes  are  prevalent  The  greater  number  of  earthquakes 
originate  along  the  eastern  coast  of  the  empire,  from  the  face  of  the 
steep  nionoclinal  slope  which  Japan  presents  towards  the  Pacific 
Ocean.  The  chief  anticlinal  axis  of  the  island  runs  N.N.W.  and 
S.S.E.,  and,  from  the  southerly  prolongation  of  this  axis,  earthquakes 
from  time  to  time  originate.  Again,  along  lines  of  great  slope 
(1  in  20  to  1  in  30)  earthquakes  are  frequent,  while  they  are  rare 
where  the  slope  is  gentle ;  and  they  are  numerous  in  those  districts 
where  there  are  evidences  of  secular  elevation  or  depression.  A  map 
has  also  been  drawn,  though  not  published,  which  shows  the  dis- 
tribution of  earthquakes  accompanied  by  sound.  Generally,  it 
appears,  sound  is  heard  in  rocky  mountainous  districts,  while  on  the 
alluvial  plains  it  is  but  rarely  observed. 

Several  of  the  Japanese  earthquakes  have  been  propagated  as 
far  as  Europe,  and  have  been  recorded  by  horizontal  peuduluuis. 
Dr.  E.  von  Kebeur-Paschwitz,  who  has  studied  the  records  of  these 
instruments  with  great  ability  and  success,  contributes  a  list  of  301 
seismic  disturbances  recorded  by  them  in  different  parts  of  Europe 
and  at  Teneriffe.  At  least  seven  of  these  disturbances  wore  due  to 
Japanese  earthquakes.  The  preliminary  tremors  are  estimated  to 
travel  with  a  surface-velocity  of  12  km.  (about  8  miles)  per  second, 
while  the  larger  oscillations  follow  at  a  much  slower  rate.  What  is 
the  true  nature  of  these  remarkable  movements,  how  they  travel — 
whether  in  straight  or  in  curved  lines,  whether  along  the  surface  or 
right  through  the  interior  of  the  earth, — these  are  the  new  problems 
which  are  set  before  seismologists  to  solve,  and  to  which  their 
attention  is  now  being  closely  directed.  C.  Davison. 
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June  19th,  1895.— Dr.  Henry  Woodward,  F.B.S.,  President,  ia 
tlie  Chair. 

Mr.  Whitaker  called  attention  to  the  two  new  Survey  maps  of 
the  Bournemouth  district  In  the  map  without  Drift  it  woald  be 
ohserved  that  the  houndary-Hnes  were  more  detailed.  In  the  map 
with  Drift  much  new  work  had  heen  incorporated — in  fact,  the  Drif)^ 
lines  were  wholly  new.     The  work  had  been  done  by  Mr.  C.  Beid 

Hie  following  communications  were  read : — 

1.  **0n  the  Occurrence  of  Radiolaria  in  Chalk."  By  W.  Hill, 
Esq.,  F.G.S.,  and  A.  J.  Jukes  Browne,  Esq.,  B.A.,  F.G.S.* 

The  authors  notice  the  rarity  of  records  of  Cretaceons  Badiolaria, 
and  allude  to  those  which  have  been  made,  including  those  by 
Iliist  and  SoUas.  Tliey  have  recently  discovered  spherical  bodies 
resembling  in  form  and  general  appearance  certain  calcified  and 
partially  destroyed  radiolarian  tests  from  some  of  the  Barbadian 
rocks ;  microscopic  examination  of  these  has  proved  that  many  of 
them,  at  any  rate,  are  Hadiolaria.  Hiey  occur  in  the  nodules  of  the 
lower  beds  of  the  MeU)ourn  Bock,  at  Melboum,  Hoyston,  near 
Hitchin,  Leagrave  near  Luton,  Pitstone  and  Tring,  Watlington, 
the  Richmond  boring,  the  lower  part  of  the  **  Grit  Bed  "  at  Dover, 
Sutton  Waldron  and  Burcombe  (Dorset),  and  in  a  nodular  cbalk 
which  may  be  considered  as  the  equivalent  of  the  Melboum  Rock 
from  Bindon  Clifi's,  near  Axmouth,  Devon.  Similar  organisms  have 
recently  been  found  in  the  Chalk  Marl  of  Lincolnshire,  Yorkshire, 
and  Norfolk,  but  have  not  been  noticed  in  any  other  parts  of  the 
Chalk.  It  is  suggested  that  they  occurred  in  many  portions  of  the 
Chalk-ooze,  but  were  usually  rapidly  and  completely  dissolved,  and 
contributed  to  that  solution  of  silica  which  furnished  the  substance 
of  flint-nodules;  and  the  authors  conclude  that  the  preservation  of 
traces  of  the  Radiolaria  in  the  nodules  of  the  Melboum  Rock  is  due 
to  some  specially  favourable  conditions. 

A  description  of  the  changes  undergone  by  Barbadian  Radiolaria 
is  given  to  illustrate  the  instability  of  radiolarian  tests.  Here  all 
stages  are  traceable,  from  the  perfect  siliceous  test  to  a  structureless 
ball  or  disc  filled  with  calcareous  matter,  or  a  mere  patch  of  clear 
crystalline  material. 

A  description  of  forms  recognized  in  the  nodules  of  the  Melboum 
Rock  is  given. 

2.  "  The  Crush-Conglomerates  of  the  Isle  of  Man."  By  G.  W. 
Lamplugh,  Esq.,  F.G.S. ;  with  an  Appendix  by  W.  W.  Watts,  Esq., 
M.A.,  F.G.S.  (Communicated  by  permission  of  the  Director-General 
of  the  Geological  Survey.) 

The  Skiddaw  Slates  of  the  Isle  of  Man  have  everywhere  unde^ 
gone  intense  shearing,  and  on  the  north-west  side  of  the  main 
stratigraphical  axis  actual  disruption  of  the  bedding  with  the 
resultant   formation  of  breccia  or  crush -conglomerate  on  a   large 

1  See  also  paper  by  Mr.  G.  £.  Grimes  on  Radiolariaus  in  the  English  Chalk, 
"ttU,  p.  346. 
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scale  has  taken  plaoe.  This  structure  attains  its  widest  development 
on  the  north  side  of  the  central  valley,  though  it  is  noted  on  a  more 
limited  scale  in  a  few  localities  farther  south.  It  is  well  exposed  in 
the  cliffs  three  miles  north  of  Peel,  but  the  finest  sections  are  in  the 
interior  in  Sulby  Glen,  where  the  structure  has  a  thickness  of  some 
hundreds  of  feet,  and  runs  continuously  about  north- north-east  for 
five  miles,  with  a  probable  extension  southward  for  three  miles 
farther,  and  also  eastward  for  other  four  miles.  It  is  usually 
flanked  by  gritty  flags  on  one  side,  and  by  dark  clay-slates  on 
the  other.  It  is  affected  by  a  strain-slip  cleavage  later  than  the 
brecciation,  and  several  igneous  dykes  which  intersect  it  are  affected 
by  the  same  cleavage,  though  not  by  the  brecciation-movement. 

East  of  Sulby  Glen  the  structure  extends  towards  Ramsey,  at 
first  in  a  horizontal  spread  over  a  mile  in  width,  and  afterwards 
in  a  series  of  comparatively  narrow  subparallel  bands;  and  it  is 
suggested  that  we  are  dealing  here  with  the  emergence  of  a  deformed 
plane.  The  structure  is  continued  eastward  into  the  hill  overlooking 
Bamsey,  beyond  which  it  is  cut  off  by  the  sea.  In  this  locality,  as 
elsewhere,  the  sections  show  the  gradual  smashing  into  fragments 
of  highly  contorted  strata  until  every  trace  of  the  original  bedding 
is  lost,  and  a  "crush-conglomerate"  with  lenticular  and  partly 
rounded  inclusions  is  formed. 

The  rocks  described  in  Mr.  Watts'  Appendix  are  grouped  in  four 
classes.  Firstly,  the  grits  and  slates  which  have  been  crushed 
but  have  not  been  converted  into  crush-conglomerates ;  secondly, 
the  crush-conglomerates  themselves,  and  the  fragments  which  they 
contain  ;  thirdly,  the  dykes  of  decomposed  dolerite  (greenstone)  and 
fresh  later  dolerite  which  penetrate  the  conglomerate;  fourthly, 
a  portion  of  the  crush-conglomerate  metamorphosed  by  these  iu-< 
trusions. 

The  chief  point  of  interest  is  brought  out  by  the  examination  of 
the  fragments  in  the  conglomerate.  All  stages  of  crushing  may  he 
traced,  until  the  grit-fragments  have  a  structure  which  is  a  mere 
miniature  of  the  crush-conglomerate  itself;  that  is  to  say,  if  the 
crush-conglomerate  be  regarded  as  made  of  "  fragments "  of  hard 
rocks  enclosed  in  crushed  "  matrix  "  of  soft  rocks,  a  host  of  inter- 
mediate varieties  with  varying  resistances  will  occur.  Whether  any 
particular  one  of  these  varieties  shall  pass  into  "  fragments "  or 
"matrix"  under  the  crushing  will  depend  upon  the  amount  of  the 
crushing  force  and  upon  the  association  (paragenesis)  of  the  material 
brought  together  to  be  crushed. 

3.  *'The  Chalky  Clay  of  the  Fenland  and.  its  Borders:  its  Con- 
stitution, Origin,  Distribution,  and  Age."  By  Sir  Henry  H. 
Howorth,  K.C.I.E.,  M.P.,  F.R.S.,  F.G.S. 

The  distribution  of  the  Clpy  (so  often  termed  Chalky  Boulder-c\hy) 
is  noticed,  and  it  is  stated  that  it  is  surrounded  on  all  sides  by 
country  occupied  by  different  deposits,  being  mainly  separated  from 
the  sea  on  the  east  and  north-east  by  sandy  and  pebbly  materials, 
while  on  every  other  side  it  is  clearly  and  sharply  defined.  The 
paucity  of  foreign  stones  is  noted  as  compared  with  natives,  and 
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the  similarity  of  the  matrix  of  the  Chalky  Clay  to  the  material  of 
the  older  deposits  of  the  neighbourhood.  l*he  aathor  maintains 
that  the  contents  of  the  Clay  indicate  movement  of  material  from 
vtei^t  to  east  in  some  places,  as  shown  by  Jurassio  fossils  in  the  East 
Anglian  Chalky  Clay,  and  from  east  to  west  in  others :  in  fact,  that 
movement  took  place  in  sporadic  lines  diverging  from  the  Wash 
and  the  Fens.  He  appeals  to  the  amount  of  disintegration  that  has 
taken  place  to  furnish  the  material  for  the  Clay,  the  shape  of  the 
stones  in  the  Clay,  and  the  distribution  of  the  Clay  itself,  as  evidence 
agHinst  the  action  of  land-ice  or  icebergs,  maintaining  that  there  is 
no  evidence  of  submergence  at  the  time  the  Clay  was  formed  ;  and 
criticizes  the  attempts  made  to  explain  the  formation  of  the  Clay  by 
water  produced  by  the  melting  of  ice. 

The  author  believes  that  the  denudation  of  the  Fen  country  whidi 
produced  the  great  mass  of  the  Chalk  Clay  with  most  of  its  boulden 
was  coincident  with  and  caused  by  the  bending  and  folding  of  the 
Chalk  of  Eastern  England,  which  took  place  after  the  deposition  of 
the  Crag  beds,  and  that  during  the  period  of  folding  a  great  depres- 
sion was  formed  round  the  Wash,  into  which  the  water  rushed  from 
the  North  carrying  debris  and  mixing  it  with  clays ;  this,  rushing 
into  what  was  virtually  a  cul-de-sac,  dispersed  and  scattered  its  load 
in  all  directions. 

4.  **  On  the  Occurrence  of  Sptrorftis-Limestone  and  thin  Coals  in 
the  so-called  Permian  Kocks  of  Wyre  Forest;  with  considerations 
as  to  the  Systematic  Position  of  the  *  Permians  *  of  Salopian  type.** 
By  T.  Crosbee  Cantrill,  Esq.,  B.Sc.  Lond.  (Communicated  by 
Walcot  Gibson,  Esq.,  F.G.S.) 

In  South  Staffordshire  a  thick  series  of  red  rocks — the  so-called 
Lower  Permian — overlies  the  ordinary  yellow  and  gray  Coal- 
measures,  and  underlies  the  Triassio  rocks.  They  consist  of 
sandstones,  marls,  calcareous  conglomerates,  and  breccias,  having 
a  general  red  or  purplish-red  colour. 

Since  Jukes'  work  was  published,  fresh  sinkings  have  shown 
that  these  red  rocks  must  be  regarded  as  of  Upper  Coal-measure 
age,  because  their  included  fossils  have  an  Upper  Coal-measure 
fades.  The  rocks  contain  bands  of  limestone  characterized  by  the 
presence  of  Spirorbis  pusillus :  those  parts  of  the  series  which  have 
not  yielded  Coal-measure  fossils  are  apparently  similar  lithologically 
to  those  which  have  yielded  them  ;  there  is  no  stratigraphical  break 
between  the  fossiliferous  and  unfossiliferous  parts  of  the  red  series, 
and  the  only  marked  breaks  are  at  the  base  and  summit  of  the 
series,  the  break  at  the  base  being  locally  great  but  elsewhere 
practically  imperceptible. 

The  evidence  furnished  by  the  deposits  of  the  Forest  of  Wyre 
(=Enville)  district  also  leads  the  author  to  regard  the  red  rocks 
associated  with  S|jEnror6ts- limestone  and  coals  as  Upper  Coal-measures, 
exhibiting  a  gradual  passing  away  of  Coal-measure  conditions  and  the 
in- coming  of  those  of  New  Ked  Sandstone  times ;  and  these  passaj^- 
beds  must  be  regarded  as  much  nearer  the  Coal-measure  than  the 
Permo-Triassio  end  of  the  transitional  period. 
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So  far  as  onr  present  knowledge  goes,  the  so-called  Permian  rocks 
of  Anglesey,  Denbighshire,  Lebotwood,  Shrewsbury,  Coalbrookdale, 
Wyre  Forest,  South  Staffordshire,  Warwickshire,  Leicestershire,  and 
North  Staffordshire  are  all  essentially  similar;  and  observers  are 
urged  to  look  out  for  Goal-seams,  plant-remains,  and  Spirorbis- 
limestones. 

[The  next  Meeting  of  the  Society  will  be  held  on  Wednesday, 
November  6th,  1896.] 


NATURE  AND    ART. 

Sir, — It  has  been  suggested  (and  the  belief  is  held  by  many)  that 
the  asserted  flint  implements  of  the  Chalk  Plateau  of  Kent  may  be 
divided  into  two  groups — one  (A)  in  which  the  presumed  work 
is  referred  to  the  agency  of  nature,  and  is  therefore  uon-ezistent  so 
far  as  human  agency  is  ooncerned;  and  the  other  (B)  of  which  the 
work  is  admitted,  but  is  asserted  to  be  that  of  Palaaolithio  Man, 
and  not  therefore  belonging  to  a  still  older  race  of  Man,  to  which 
on  geological  grounds  1  have  assigned  them. 

B. — It  may  be  admitted  as  nut  improbable  that  some  of  the  more 
highly  finished  implements  found  on  the  plateau  (if  not  made  by 
the  more  skilful  workman  of  Eolithic  Man)  may  have  been  the 
work  of  Paleolithic  Man.  But  the  mere  circumstance  of  their  being 
found  on  the  same  surface  with  the  plateau  implements  proves 
nothing,  as  flint  implements  of  undoubted  Neolithic  age  are  likewise 
found  frequently  associated  with  the  older  plateau  as  well  as  with 
Palaeolithic  implements  on  the  same  surfaces.  Further,  in  a  pit 
dug  for  the  Committee  of  the  British  Association  by  Mr.  Harrison, 
several  plateau  implements  were  found  in  a  bed  of  clay  and  flints 
at  the  depth  of  six  feet  from  the  surface,  but  no  implements  of  the 
Palaeolithic  type  were  met  with  there.  We  may  presume,  therefore, 
that  the  association  of  implements  of  different  ages  on  the  surface  is 
accidental,  and  does  not  always  prove  that  they  are  contemporaneous. 

With  respect  to  the  other  question  (A),  1  am  at  forced  issue  with 
those  who  would  ascribe  any  of  the  forms  of  the  rude  plateau  flints 
to  any  natural  agency,  such  as,  for  example,  as  has  been  suggested 
in  explanation  of  one  form — that  of  the  action  of  the  waves  on  the 
shore,  or  of  river-aotion ;  and  there  can  be  no  other.  Angular  pieces 
of  limestone  put  into  a  mill  come  out  rounded  marbles.  In  like 
manner  the  sharp  angular  fragments  of  flint  exposed  to  the  beating 
of  the  waves  soon  lose  their  sharp  angles  and  become  gradually 
more  and  more  worn,  until  eventually  they  are  transformed  into 
rounded  shingle,  such  as  that  which  may  be  seen  on  Blackheath 
Common  and  at  Bickley  station.  No  other  result  is  possible.  This 
fact  must  have  been  brought  home  to  many  who  have  lounged 
pleasantly  on  the  sea-beach  at  Brighton  or  Dover,  but  who  would 
not  find  a  bank  of  plateau  flints  with  their  sharp  angles  and  many 
points,  so  well  fitted  for  that  purpose.  Had  it  been  possible  for 
sea-  or  river-action  to  have  produced  such  forms  as  those  1  have 
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figured  in  plates  v  to  ix  of  "Collected  Papers,"  they  should  be 
found  in  all  such  shingle  of  whatsoever  age.     None  are  forthcoming. 

If  the  waves  had  possessed  tliat  power,  we  should  not  need  to 
go  heyond  our  beach-girt  southern  shores  or  our  numerous  river- 
gravels.  Challenged  long  ago  to  produce  an  implement  of  the  tme 
plateau  type  from  a  recent  beach,  the  only  specimen  that  has  been 
put  forward  as  such  is  one  from  the  beach  at  Aldborough.  I  have 
examined  this  specimen  carefully.  It  is  a  naturallif  split  pebble  of 
the  Westleton  pebble  beds,  of  which  there  are  millions,  entire  and 
split,  on  the  adjacent  shore.  These,  in  fact,  constitute  a  very  large 
proportion  of  the  beach  itself,  and  those  of  them  which  happened 
to  be  split  have  bad  their  edges  chipped  and  blunted  by  the  pounding 
they  have  undergone  on  the  shore,  so  that  to  that  extent  they 
resemble  the  one  plateau  specimen  figured,  fig.  4,  pi.  ii,  in  the 
work  before  mentioned,  with  the  essential  exception  that  whereas 
the  latter  often  retain  the  sharp  edges  which  adapted  them  for 
scraping,  in  the  former  the  edges,  which  are  also  worn  and  blnnt, 
were  never  suited  for  that  purpose.  It  is,  in  fact,  one  of  those 
natural  flints  which  simulate  in  general  outline  a  worked  flint,  and 
in  this  case  I  am  willing  to  admit  that  the  simulation  of  this  one 
simple  form  of  the  plateau  flint  is  very  good  and  very  deceptive. 
Scores  of  such  natural  forms,  imitating  even  the  well-defined  shapes 
of  the  lance-head  Palasolithic  implements,  have  been  found  in 
gravel  beds. 

However,  to  put  the  matter  to  another  test,  I  again  repeat  the 
former  challenge,  and  am  ready  to  exchange  the  two  volumes  of  my 
"Geology"  with  any  young  (or  old)  diHsentient,  for  half  a  dozen 
shore  flints  (not  derived)  of  any  of  the  plateau  types  figured  in  the 
five  plates  above  named. 

I  have  noticed  with  regret  that  in  discussing  the  minor  points, 
the  essential  and  important  fact  of  the  plateau  implements  being 
possibly  the  work  of  the  earliest  known  members  of  the  human 
stock,  has  been  too  much  overlooked.  While  anthropologists  have 
sought  for  and  described  the  stone  implements  of  modern  savages, 
from  the  poles  to  the  equator,  and  speculated  on  their  uses,  they 
have  with  a  few  rare  exceptions  shown  an  unaccountable  indifference, 
not  only  in  the  plateau  specimens  themselves  as  specimens,  but  also 
an  unwillingness  to  give  the  subject  that  attention  which  alone 
could  settle  the  question.  Here  is  a  problem  of  high  importance 
with  respect  to  the  habits,  mode  of  life,  and  characters  of  primitive 
man,  as  exhibited  in  a  wonderful  profusion  of  their  rude  tools,  and 
which  is  nevertheless  neglected  and  rejected,  not  from  personal 
investigation,  but  on  an  assumed  impossibility  and  by  an  abnegation 
of  personal  responsibility.  Surely  the  subject  is  deserving  of  further 
investigation.     I  wait  without  anxiety  the  results  of  my  challenge. 

Shoreham,  Kent,  Julj^  16,  1895.  JoSEPH  PbestwiOH. 

DR.    CALLAWAY  AND   METASOMATOSIS. 

Sir,— The  letter  of  the  Rev.  J.  F.  Blake  in  last  month's 
Gbolooigal    Magazine   does  not  call   for   lengthened    comment. 
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He  makes  it  qaite  clear  that  in  his  oriticisms  of  my  work  at 
Malvern  he  had  employed  the  theological,  rather  than  the  acientifio, 
method.  I  had  often  said  that  a  gradation  between  two  kinds  of 
rock  at  Malvern  proved  the  derivation  of  the  one  from  the  other; 
but  then  I  had  previously  explained,  by  an  accumulation  of  details, 
what  I  meant  by  a  Malvern  gradation.  Mr.  Blake  forgot  the 
details,  and  suggested  that  I  believe  any  kind  of  gradation  would 
prove  my  case.  It  is  possible  to  involve  any  author  in  apparently 
contrary  opinions,  if  his  sentences  may  thus  be  detached  from 
their  context 

But  Mr.  Blake  goes  on  to  admit  that  he  does  not  really  suppose 
me  to  hold  the  opinion  that  '*  if  one  rock  passes  into  another,  one 
of  them  is  derived  from  the  other,'*  but  he  does  think  I  argue  ou 
the  basis  of  the  following :  '*  The  character  of  the  stages  by  which 
one  rock  passes  into  another  in  the  field  may  suffice  of  itself  to 
prove  that  one  of  them  is  derived  from  the  other."  This  is  quite 
another  thing,  and  should  have  been  said  at  first. 

Mr.  Blake's  use  of  my  illustration  of  the  beef  cooking  before  the 
fire  is  rather  misleading.  The  roasting  meat  undergoes  a  change, 
and  so  do  the  Malvern  rocks  during  metamorphism.  The  cook  is 
able  to  observe  the  change,  and  so  can  the  geologist  at  Malvern. 
These  two  points  exhaust  the  analogy  as  I  limited  it,  and  to  expand 
it  to  cover  a  special  theory  of  metamorphism  is  to  commit  a  fallacy 
in  logic. 

My  critic — perhaps  I  may  say  "  critics,"  for  Mr.  Blake  follows  in 
the  wake  of  others — appears  to  think  that  no  amount  of  microscopic 
or  outdoor  evidence  will  suffice  to  prove  the  conversion  of  a  diorite 
into  a  quartzose  gneiss  (not  '< quartz-schist,"  as  Mr.  Blake  inaccurately 
writes).  If  this  opinion  be  right,  we  are  shut  up  in  eternal  darkness 
on  this  question,  for  no  other  proof  is  available.  Surely,  our 
ignorance  of  the  chemistry  of  high  temperatures  and  great 
pressures  ought  not  to  be  erected  into  an  insuperable  bar  against 
the  reception  of  good  field -evidence.  Are  my  critics  going  to  wait 
until  earth-forces  can  be  introduced  into  the  laboratory  ? 

Wbllinoton,  Salop.  C.  Callaway. 

BOULDERS  IN  A  COPROLITE  BED  AT   STANBBIDGE. 

Sib, — A  bed  of  "  coprolites  "  is  now  being  worked  near  Stanbridge, 
in  South  Bedfordshire,  at  a  spot  about  half  a  mile  west  of  the  church, 
just  in  the  angle  formed  by  the  roads  from  Leighton  Buzzard  and 
Billington.  The  bed  resembles  in  many  respects  the  Cambridge 
Greensand  ;  its  thickness  varies  within  short  distances,  the  maximum 
heing  about  one  foot.  Fossils  are  not  abundant,  but  those  found 
belong  to  species  which  occur  in  the  Cambridge  Greensand.  Mr. 
Jukes-Browne  made  a  fresh  survey  of  the  district  some  ten  or  eleven 
years  ago,  and  determined  that  the  bed,  which  was  at  that  time 
exposed  in  some  other  pits  in  the  neighbourhood,  occurred  at  the 
base  of  the  Upper  Gault,  which  in  this  district  is  very  marly, 
yieldinj^  over  50  per  cent,  of  carbonate  of  lime. 

Two    boulders  of  quartzite  have  recently  been    found    in  the 
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Stanbridge  pit,  and  were  presented  to  the  Woodwardian  Hoseiim 
by  Mr.  H.  Coningsby;  they  are  angular  blocks,  10  X  6  X  6  and 
7x7x6  inches  in  size,  and  weigh  16  lbs.  and  18  lbs.  respectively. 
Attached  to  their  surface  are  numerous  specimens  of  Plicaiula 
sigillina,  Woodw.,  and  Spondylus  striaius  (Sow.),  and  small  con- 
cretions of  iron  pyrites.  The  quartzite  is  rather  coarse- grained,  aod 
was  originally  a  quartz-conglomerate.  H.  Woods. 

NOTE   OX  THE   ERRATIC  BLOCKS  OF  POLARIS  BAY  AND  OTHEE 

LOCALITIES  IN  NORTH   GREENLAND. 

Sir, — I  should  like  to  place  upon  record  a  statement  I  ought  to 
have  published  years  ago,  but  which  at  the  time  the  subject  was 
fresh  1  thought  of  too  little  moment  to  record.  Since  then  I  notioe 
that  what  I  believe  to  be  an  erroneous  deduction,  has  been  cited  by 
authors  of  eminence  as  a  fact,  without  any  qualification.  The  late 
Dr.  Emil  Bessels,  when  in  Hall  Land,  North  Greenland,  with  the 
'* Polaris"  Expedition,  noticed  that  the  land  in  the  vicinity  of  the 
''  Polaris "  winter  quarters  was  strewn  up  to  elevations  of  over 
1,000  feet  with  erratic  ice-borne  boulders,  entirely  distinct  in 
character  from  the  rocks  in  situ.  Bessels,  wlio  was  a  man  of  high 
atttiinments,  and  a  good  observer,  misled,  I  believe,  by  many  of 
these  erratics  having  a  superficial  resemblance  in  composition  to 
rocks  found  in  South  Greenland,  made  the  sweeping  assertion^  that 
these  erratics  came  from  South  Greenland ;  and  that  the  current  and 
ice-drift  in  Smith  Sound  and  Robeson  Channel,  at  a  former  period 
when  these  erratics  were  dispersed,  had  been  from  south  to  north, 
and  not  from  north  to  south  as  is  the  case  to-day.  When  I  sojourned 
in  Grinnell  Land,  during  1875-76,  I  was  aware  of  Bessels'  opinion, 
and  made  many  observations  on  the  boulders  we  met  with,  and  on 
their  distribution.  I  found  them  as  Bessels  described,  even  on  the 
higher  altitudes  uncovered  by  snow,  notably  on  Dean  Mount,  near 
the  winter  quarters  of  the  **  Alert,"  in  82°  27'  N.,  at  an  altitude  of 
1,200  feet.  I  obperved,  however,  what  Bessels  seems  to  have  over- 
looked, that  boulders  of  the  same  character  were  strewn  over  hill- 
sides and  in  the  valleys  down  to  the  present  sea-level,  and  that  on 
some  ancient  sea-beach  at  a  hundred  feet  of  altitude  the  stranded 
boulders  were  lying  under  precisely  the  same  conditions  as  the 
boulders  that  now  rest  on  the  seashore  of  to-day,  and  which  have 
been  recently  stranded.  Grinnell  Land  is  an  area  of  very  rapid 
elevation,  and  it  is  only  reasonable  to  argue  that  the  agent  that 
strands  the  ice-worn  boulder  to-day  on  the  fore-shore  of  Grinnell 
Land  is  the  same  as  placed  the  boulders  at  an  altitude  of  1,200  feet 
when  that  point  stood  at  sea-level.  The  agent  that  grounds  the 
erratic  of  to-day  is  the  ice-raft  of  the  palaeocrystic  sea,  and  Bessels 
was  certainly  mistaken  when  he  ascribed  the  origin  of  these  rocks  to 
South  Greenland,  and  to  clench  his  argument  had  to  invoke  a  change 
in  oceanic  circulation  to  account  for  the  presence  of  the  boulders  on 
the  shores  of  the  Polar  Ocean.     Bessels  made  a  strong  point  that 

»  Bull,  de  la  Soc.  Geog.  Paris,  p.  298,  March,  1876.    U.S.  Naval  Report,  1873, 
p.  548.    Arctic  Manual,  p.  653,  1876. 


Correspondence — Mr.  T.  Mellard  Reade.  379 

one  of  the  most  marked  oharacteristios  of  some  of  these  houlders 
was  their  containing  large  garnets,  similar  to  those  in  a  rock  found 
in  the  neighhonrhood  of  Fiskeruas,  in  South  Greenland.  It  is 
perfectly  correct  that  some  of  the  boulders  I  met  with  in  Grinnell 
Land  were  of  gametiferous  gneiss,  and  the  difference  between  them 
and  the  blue  Silurian  limestone  or  dark  Azoic  slate,  the  rock  tn  ai^ii, 
on  which  they  were  lying,  could  hardly  fail  to  attract  attention. 
From  Lady  Franklin  Bay,  on  the  west  side  of  Robeson  Channel, 
as  far  north  as  Cape  Joseph  Henry,  I  did  not  meet  with  this 
gametiferous  gneiss  as  a  rock  of  the  country.  It  does  not  occur  as 
such  in  Hall  Land,  neither  do  I  think  it  can  be  found  tn  situ  along 
the  lands  visited  by  Aldrich  in  his  journey  along  the  north  shore  of 
Grant  Land,  nor  on  the  northern  shores  of  Greenland  traversed  by 
Beaumont,  Lockwood,  Brainard,  Peary,  and  Astrup,  for  this  rock  is 
of  such  a  striking  character  that  such  intelligent  observers  as  I  have 
mentioned  could  not  well  have  passed  over  it  without  remarking  its 
gametiferous  structure.  There  was  a  fine  example  of  an  ice-rounded 
boulder  of  this  remarkable  rock  lying  stranded  a  little  above  high- 
water  line,  not  far  from  the  "Alert's"  winter  quarters,  in  82°  27'  N. 
Fortunately  I  brought  away  with  me  fragments  of  this  boulder, 
which  are  now  in  the  British  Museum  ;  I  am  informed  that  the 
fragment  is  a  '*  coarse-grained  aggregate  of  large  garnets,  orthoclase, 
cordierite,  fibrolite,  and  quartz,  with  a  little  biotite.  A  peculiar 
feature  of  the  rock  is  the  enclosure  of  rounded  quartz  crystals  in 
the  felspar.  It  is  probably  a  gametiferous  cordierite-fibrolite  gneiss, 
but  the  fragment  is  too  small  to  show  the  foliation." 

The  conclusion  I  arrive  at  is,  that  this  erratic  boulder  and  its 
fellows,  scattered  over  the  shores  of  Grinnell  Land  and  North 
Greenland,  cannot  by  any  possibility  have  been  derived  from  South 
Greenland,  and  floated  up  through  Davis  Strait,  Baffins  Bay,  Smith 
Sound,  and  Robeson  Channel,  to  the  Polar  Sea.  Such  a  supposition 
is  as  much  at  variance  with  fact,  as  to  cast  a  bladder  into  the  sea  at 
Cape  Clear,  and  assure  us  that  it  reached  the  West  Indies;  and  I  cannot 
understand  how  a  man  of  Bessels'  ability  could  formulate  such  a 
theoiy.  It  is  far  more  reasonable  to  presume  that  these  erratics 
are  derived  from  some  land  within  the  unknown  region  of  the  Polar 
area.  If  so,  the  land  that  produces  them  must  support  glaciers, 
for  these  ice- worn  boulders  have  passed  through  the  mill  of  a 
glacier,  to  give  them  their  present  shape  and  wear.  There  can  be 
little  doubt  that  the  drift-wood  stranded  on  the  shores  of  the  Polar 
Ocean,  along  the  coast  of  Grinnell  Land,  is  derived  from  the  great 
rivers  of  Siberia,  and  the  same  drift  and  current  that  transports 
it  is  equally  capable  of  drifting  ice-borne  en-atics  from  unknown 
Polar  lands.  H.  W.  Fkilden,  Colonel  R.A. 

"West  Housb,  Wells,  Norfolk. 

'■T--  ■  '■  ■■■  — I.- 

EXPANSION    THEOEY    OF   MOUNTAIN   EVOLUTION. 

SiB, — Mr.  Davison,  in  a  "  Second  Note  on  the  Expansion  Theory 
of  Mountain  Evolution,"  quoting  Prof.  Le  Conte,  restates  what 
he  thinks  to  be  a  fundamental  objection  to  the  expausion  theory. 
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He  does  not,  however,  allude  to,  and  therefore  pomibly  has  neTer 
taken  the  trouble  to  read,  the  several  direot  rt^pUes  I  have  given  to 
this  very  objection  when  made  by  people  who  had  failed  completely 
to  understand  what  my  theory,  as  originally  published  in  1886, 
really  is.  One  such  complete  refutation  is  contained  in  a  pi^ 
in  this  Magazine  in  May,  1894,  entitled,  <<0n  the  Result  of 
Unsymmetrical  Cooling  and  Redistribution  of  Temperature  in  s 
Shrinking  Globe  as  applied  to  the  Origin  of  Mountain  Ranges,"  in 
which  I  have  dealt  broadly  with  the  whole  subject,  and  have  shown 
that  the  effect  of  sedimentation  is  to  check  the  Earth's  cooling  in 
the  area  in  which  the  sediments  are  being  laid  down.  The  form 
in  which  the  case  is  stated,  both  by  Le  Conte  and  Davison,  shows 
an  entire  misapprehension  of  the  whole  problem.  It  is  not  that  the 
sediments  abstract  heat  from  the  portion  of  the  Earth's  crust  upon 
which  they  lie  or  with  which  they  are  in  contact,  but  that  they 
simply  prevent  the  outflow  and  consequent  loss  of  that  heat  from 
the  nucleus  which  would  otherwise  be  dissipated  into  space,  and 
this  heat  thus  retained  expands  them.  '  I  have  shown  in  the  paper 
referred  to  that  it  is  to  the  redistribution  of  heat  in  the  crust,  and 
the  consequent  alteration  of  stresses  and  strains,  that  we  are  to  look 
for  the  effective  cause  of  mountain  folding  and  upheaval.  To  My. 
therefore,  that  the  **  increased  heat  mmt  be  taken  from  somewhere  «/««** 
is  an  obvious  truism  which  conceals  the  implied  fallacy  that  sedi* 
mentation  at  a  certain  point  will  cause  a  greater  loss  of  heat  at  that 
point  than  at  the  surrounding  ix)ints  whereon  no  sedimentation  has 
taken  place,  and  this  is  not  true — it  is  exactly  the  reverse — lesa 
heat  will  be  lost  at  that  point 

Mr.  Davison,  thinking  to  strengthen  his  objections  to  the  expansion 
theory,  now  quotes  Herschel  and  Lebour  to  show  that  wet  rock  is 
a  better  conductor  than  dry  rock.  This  was  well  known  to  me, 
through  their  admirable  researches,  before  I  penned  a  line  of  the 
**  Origin  of  Mountain  Ranges."  Doubtless  superficial  layers  of  wet 
sediment  may  be  better  conductors  of  heat  than  the  average  earth- 
crust,  but  consolidated  sediments  miles  thick  are  not  likely  to  he 
in  the  moist  condition  common  to  surface-rocks.  Herschel  and 
Lebour's  investigation,  so  far  from  supporting  Mr.  Davison's  con- 
tentions, are  on  the  whole  distinctly  in  favour  of  my  views.  Indeed, 
I  cannot  do  better  than  reproduce  here  some  of  their  extremely 
acute  observations  on  the  results  of  their  experiments,  which  have 
so  far  not  received  from  geologists  and  physicists  the  attention  they 
deserve — "In  the  first  place,  it  seems  to  be  proved  by  our  experi- 
ments that  the  con«lucting-power  of  different  rocks  varies  strictly 
according  to  their  lithological  character.  Very  crystalline  rooks, 
such  as  granite  and  serpentine  and  statuary  marble,  allowed  heat  to 
pass  rapidly  through  them;  slate-plates,  with  their  uncrystalline 
compact  structure,  had  a  still  higher  degree  of  conductivity.  I'he 
crystalline  nature  of  a  rock  alone  is  not,  therefore,  the  lithological 
test  of  its  conductivity.  The  lowest  powers  of  conductivity  were 
found  to  belong,  among  the  specimens  experimented  on,  to  shale; 
the  black  shale,  which  was  lower  than  the  grey,  is  softer  and  more 
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argillaceous  than  it,  the  grey  shale  having  a  considerable  admixture 
of  arenaceous  matter  and  mica.  The  difference,  however,  between 
these  two  was  so  slight  that,  in  the  present  preliminary  researches, 
when  much  must  be  allowed  to  error,  it  may  be  left  out  of  con- 
sideration altogether.  It  would  appear,  then,  from  these  facts,  that 
a  certain  compactness,  accompanied  by  cleavage,  is  favourable  to  the 
passage  of  heat  through  rocks ;  and  if  it  be  admitted  that  what  is 
true  for  small  thicknesses  is  also  true  for  great  ones,  we  may  be 
justified  in  supposing  that  the  vast  masses  of  clay-slate,  and  perhaps 
to  a  still  greater  extent  their  more  metamorphosed  and  crystallized 
schists  (which  we  know  to  extend  to  great  depths),  are  so  many 
points  of  weakness  which  must  have  their  influence  in  the  secular 
cooling  of  the  earth.  On  the  other  hand,  points  of  resistance  may 
be  assumed  to  exist,  and  to  be  formed  by  the  great  sedimentary 
accumulations  of  shale,  and  probably  also  of  clay  and  other 
argillaceous  unaltered  rocks.  In  a  column,  therefore,  composed  in 
part  of  cleaved  clay-slate  and  in  part  of  shale,  the  easy  passage  of 
the  internal  heat  outward  through  the  first  would  be  checked 
through  the  other  in  the  ratio,  roughly  speaking,  of  five  to  eight 
This  becomes  a  stupendous  difference  when  we  apply  it  to  the 
thicknesses  we  are  acquainted  with.  If  we  imagine  a  thick  covering 
of  shale  or  clay  or  some  other  rock  with  a  very  low  conductivity 
which  has  arrested  in  its  course  the  heat  passing  up  to  it  through 
underlying  rocks  with  a  high  degree  of  conductivity — if  we  imagine 
such  a  surface -covering  removed  (as  we  know  that  they  frequently 
have  been)  by  denudation,  it  is  evident  that  the  equilibrium  of  the 
heat-resisting  covering  of  the  earth  will  be  altered,  not  only  at  this 
particular  spot  but  also  wherever  the  material  removed  is  being 
redeposited." ' 

It  is  obvious  that  the  drying  and  consolidation  of  sediment  goes 
on  concurrently  with  its  increasing  depth,  and  it  is  probable  that 
the  piles  of  horizontal  sediment  miles  thick  which  are  laid  down  as 
the  materials  out  of  which  future  mountain-ranges  are  built  possess 
a  lower  conductivity  than  the  substratum  of  the  crust,  largely 
crystalline,  upon  which  they  rest 

But  whether  these  sediments  are  better  or  worse  conductors  of 
heat  than  the  average  crust  does  not  in  the  least  affect  the  principle 
of  their  action  as  intercepters  and  accumulators  of  the  heat  out- 
flowing from  the  nucleus ;  and  if  Mr.  Davison  had  correctly 
apprehended  this  fact,  instead  of  confusing  the  issue  by  the 
repetition  of  a  fundamental  misstatement,  we  might  not  have 
been  favoured  with  No.  2  note  on  the  **  Expansion  Theory  of 
Mountain  Evolution." 
Park  Corner,  T.  Mellabd  Keade,  C.E.,  F.G.S. 

BLUNDBLL8ANDB,  LIVERPOOL. 

*  British  Assoc.  Report,  1873,  Appendix  p.  226 :  **  Notes  on  the  Conducting-power 
of  certain  Rocks,"  by  Ilerschel  and  Lebour. 
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VALENTINE   BALL,  C.B.,    M.A.,  AND   LL. 
F.R.S.,    F.GS.,    M.R.I.A. 
BuRH  Jt-LV  Mtk,  1843.  Died  Jlki  ISts 

Fkw  men  of  ecienc«  were  more  widely  known  oi 
esti^mcil  tlmn  Dr.  Vnlentine  Ball,  the  distinguiil 
tho  Dublin  Miiseum  of  Science  and  Art,  whose  pn 
liave  to  de{iloTe. 

Valentine  liall  was  bom  in  Dublin  July  llth, 
the  seoond  sun  of  the  weil-ktiown  Naturalist,  Robt 
who  died  in  1867.  lie  wu  educated  at  Dr.  Bnn 
anbiiequetitly  at  Dr.  Henry's  and  Dr.  Benson's  pi 
Dulilin,  and  at  Trinity  College.  Diildin.  He  gr 
University  of  Dnblin,  B.A.,  18G4 ;  M.A.,  1872; 
ean»,i).  1S89.  He  was  elected  a  Fellow  of  (he  Geoh 
London  in  1874;  Fellow  of  the  Calciitla  University 
in  187o,  and  Fellow  of  the  Royul  Society  of  Ijondoti  in 
elected  President  of  (he  Royal  Geological  Society  of 
He  WHS  appointed  Clerk  in  the  Receiver  Master's 
1860-64;  and  joinnl  tlieSUfiTof  the  Geological  Sni 
18C4.  and  eervml  till  1881.  On  his  return  to  Ireland  li 
Professor  of  Geology  and  Mineralogy  in  the  Univ« 
and  held  office  fmm  1881  to  1863.  when  he  became 
Science  and  Art  Mnsenin  in  Dublin,  which  office  be 
death.  Dr.  H.ill  whs  nlso  Ilniiorsry  Secretary  of  the  1 
Society  of  Ireland,  and  a  Member  of  the  Council  ol 
(Lmlies)  College,  and  of  that  of  the  Royal  Irish  Acad 

His  published  works  are—"  Jun£;le  Life  In  India, 
and  Jonrnale  of  an  Indian  Geologist,"  1880  ;  "  The  ] 
and  Gold  of  India,"  1881;  "The  Economic  Geo 
18H1:  an  English  Translation  of  "  Tra vernier's  Tr 
with  Notes  and  Appendices,  etc.,  1889.  Besides  ni 
billions  to  learned  societies,  he  published  several  I 
Geolo^jy  of  extensive  tracts  in  India,  and  iicconnts  of 
explorations  in  Afghanistan  and  Beluchiiitan,  (he 
Kicohiir  Islands,  the  Himalsyss,  etc.  As  a  collater 
explomtionR  in  the  wild  and  (hen  little-known  centra! 
Peninsnla  of  India,  where  he  lirat  discovered  severa 
wiu)  enabled  to  suggest  to  the  Government  (he  moi 
of  route  for  a  direct  railway  between  Ciilciit(a  and 
route  has  now  been  adopted,  after  several  years  (iper 
the  various  altenintive  routes.  Several  of  Ina  more  ii 
contributions  to  societies  are  upon  the  "  Identification 
Plants,  and  Minerals  of  India  which  were  known  to 
3n  the  year  1884  he  preaenfed  n  Report  (0  the  S 
Deiwir(nient  on  the  Museums  of  America;  it  wns  sul 
lished  in  the  Department's  Annual  Report.  He  co 
orticlee  to  the  Gkological  BIagazink  ou  the  "  Volcu 
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of  Bengal,"  1879,  p.  16,  PL  I;  1888,  p.  404;  and  1893.  p.  289, 
PI.  XIII ;  and  **  On  the  Mode  of  Occurrence  of  Precioii8  Stones  in 
India,"  1884,  p.  516;  "On  Eroded  Agate  Pebbles."  1888,  p.  231 ; 
**  On  the  Transport  of  Granite  found  in  the  Carboniferous  Limestone, 
Dublin,"  1888,  p.  232.  He  filled  the  office  of  President  at  the  late 
meeting  of  the  Museums  Association  in  Dublin  in  1894.  With  most 
of  the  scientific  societies  of  Dublin  Dr.  V.  Ball  was  in  intimate 
association,  especially  with  the  Royal  Gkological  Society,  of  which 
he  was  the  arduous  Secretary  for  so  many  years. 

In  1869  Dr.  Ball  married  the  eldest  daughter  of  the  late  John 
Stewart  Moore,  of  Moyarget,  county  Antrim.  He  leaves  a  family 
of  four  children.  For  some  years  Dr.  Ball's  health  had  been 
failing.  About  ten  days  previous  to  his  death  serious  symptoms 
were  manifested,  and  he  passed  away  on  the  aftpmoon  of  Saturday, 
June  loth,  at  his  residence,  28,  Waterloo  Road,  Dubliu. 


PROFESSOR   WILLIAM  0.    WILLIAMSON,  LL.D.,    F.R.S. 

BoBN  NoYBMBBR  24th,  1816.  DiBD  JuNB  23bd,  1895. 

By  the  death  of  Professor  W.  C.  Williamson,  Paleeobotany  has 
lost  one  of  its  most  earnest  and  energetic  investigators  and  ex- 
ponents, whose  memoirs  will  long  remain  a  record  of  persevering 
labour  combined  with  remarkable  genius  and  originality  of  thought. 

William  Crawford  Williamson  was  born  at  Scarborough  on 
November  24th,  1816.  His  father  was  for  some  time  head  gardener 
to  the  then  Earl  of  Mnlgrave,  at  Lyth  Castle,  near  Whitby,  where, 
having  laboured  indefatigably  in  exploring  the  geology  and  zoology 
of  the  coast  of  Yorkshire,  and  made  a  rich  collection  of  its  fossils  and 
recent  shells,  he  was,  in  1828,  appointed  Curator  of  the  well-known 
Museum  of  the  Literary  and  Philosophical  Society  of  Scarborough, 
amongst  the  collections  of  which  much  of  his  son's  early  youth  was 
beneficially  spent  Young  Williamson  was  destined  for  the  medical 
profession,  but,  in  1835,  accepted  the  curatorship  of  the  Museum  of 
the  Manchester  Natural  History  Society.  Whilst  at  Scarborough  he 
contributed  to  the  Geological  Society  of  London  the  first  of  three 
memoirs  on  the  "Vertical  Distribution  of  the  Organic  Remains  in 
the  Strata  of  the  Yorkshire  Coast,"  and  one  to  the  Zoological 
Society  of  London  on  the  "  Birds  of  the  Yorkshire  Coast,"  as 
well  as  published  a  description  of  the  well-known  tumulus  and 
its  contents  then  recently  opened  on  Oristhorpe  Cliff.  On  reaching 
Manchester  his  attention  was  at  once  directed  to  the  local  geology, 
and  soon  resulted  in  the  publication,  in  the  Philosophical  Magazine, 
of  a  memoir  on  the  *'  Remarkable  Limestones  of  Ardwick,"  which 
form  the  uppermost  part  of  the  Carboniferous  strata  in  that 
neighbourhood. 

In  1838  he  resumed  his  medical  studies,  first  in  the  Manchester 
Medical  School,  Pine  Street,  and  afterwards  in  University  College, 
London  ;  and  in  January,  1841,  he  commenced  as  a  medical  prac- 
titioner in  Manchester.  Soon  after  that  he  began  a  series  of 
investigations  amongst  the  recent  Foraniinifera,  the  results  of 
which  were  a  succession  of  memoirs  on  theic  mVnnVA  OT^xi\aAiCvyDL^ 
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oulminatiDg,  in  1848,  in  the  publication,  by  the  Ray  Society,  of  bis 
'*  Monograph  on  the  Recent  Foraminifera  of  Great  Britain/'  and  ia 
a  memoir  on  the  minute  organisms  found  in  the  marine  mud  of  the 
Levant  This  latter  memoir  contained  the  first  announcement  of 
the  existence  in  some  of  the  deeper  seas  of  what  is  now  known  as 
the  Foraminiferal  Ooze.  The  study  of  some  histological  features 
of  human  l)ones  and  teeth  led  to  an  examination  of  the  scales  and 
bones  of  recent  and  fossil  fishes.  Two  memoirs  on  these  subjects 
were  published  in  the  Philosophical  Transactions  of  the  Royal 
Society,  in  which  he  announced  his  conclusion  that  the  scales  and 
dermal  teeth  of  fishes  were  the  homologues  of  the  oral  teeth  of  the 
mammalia,  the  latter  being  but  the  relics  of  the  dermal  system  so 
extensively  developed  in  fihhes.  The  publication  of  these  two 
memoirs  led  to  his  election  as  a  F.R.S.  in  1854.  In  Ibol  the 
Owens  College  of  Manchester  began  its  career,  when  Mr.  Williamson 
was  elected  its  first  Professor  of  Biology  and  Geology.  As  the 
institution  expanded,  this  too-comprehensive  chair  was  divided,  and 
for  many  years  past  his  academic  labours  had  been  confined  to  the 
Professorship  of  Botany.  Circumstances  then  drew  his  attention  to 
the  Carboniferous  plants  of  Lancashire  and  Yorkshire.  The  resnit 
of  these  later  studies  has  been  the  publication,  in  the  Philosophical 
Transactions,  of  seventeen  memoirs  **0n  the  Organization  of  the 
Fossil  Plants  of  the  Coal-measures."  On  receiving  the  sixth  of 
this  series,  the  Royal  Society  recognized  them  by  awarding  him 
their  Royal  Medal.  The  Wollaston  Gold  Medal  of  the  Greological 
Society  was  awarded  to  Dr.  Williamson  in  1890.  Dr.  Williamson 
was  President,  and  subsequently  senior  Vice-President,  of  the 
Literary  and  Philosophical  Society  of  Manchester.  The  LTniversity 
of  Edinburgh  conferred  upon  him  the  degree  of  LL.D.  The 
Gcittingen  Academy  of  Sciences  elected  him  one  of  its  foreijin 
members,  and  the  Royal  Society  of  Sweden  elected  him  to  the 
place  left  vacant  by  the  death  of  Professor  Asa  Gray. 

In  the  Royal  Society's  Catalogue  of  Scientific  Papers  from  1834  to 
1873  is  a  list  of  57  papers,  principally  upon  microscopic  organisms, 
Foraminifera,  Radiolaria,  etc.;  on  the  microscopic  structure  of  the 
scales,  bones,  and  teeth  of  Fossil  Fishes  and  Reptiles,  and  a  most 
important  series  on  the  structure  of  coal -plants,  Calamitcs,  Stigmaria, 
Sigillaria,  Lepidodendron,  etc.,  with  which  his  name  will  for  ever 
remain  honourably  associated. 

Prof.  Williamson  had  retired  from  the  Owens  College,  Manchester, 
for  some  time  before  his  death,  and  had  been  residing  at  Clapham, 
where  he  had  occupied  himself  with  Dr.  D.  H.  Scott,  F.K.S., 
Hon.  Keeper  of  the  Jodrell  Laboratory,  Kew,  in  carrying  on  his 
researches  in  the  microscopic  structure  of  Fossil  Plants,  to  illustrate 
which  he  had  accumulated  an  immense  and  valuable  series  of 
microscopical  sections  and  specimens. 

Prof.  Williamson  having  passed  so  many  years  of  his  life  in 
Manchester  had  never  become  a  Fellow  of  the  Geological  Society 
of  Londcm,  although  he  was  the  recipient  of  its  Wollaston  Medal  in 
1890.  He  died  at  the  age  of  78  years,  having  been  actively  engaged 
up  to  a  short  time  before  his  death. 
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LABIAL  CaBTILAOBS   OF   SQUALOBAJA  AND    ChIMJERA. 

By  Otto  M.  Rbis,  Ph.D. ; 
Aasistant  in  the  Oberbergamt,  Munich. 

(PLATE  XII.) 

THE  remarkable  frontal  spine  of  Squaloraja  has  always  been 
described  as  a  dermal  structure  by  those  who  have  referred  to 
it,  and  has  been  classed  with  the  shagreen-granules  and  dentition. 
After  the  systematic  position  of  the  genus  had  been  determined,^  its 
frontal  spine  was  rightly  recognized  as  identical  with  the  spine-like 
frontal  process  in  Chirmsra  and  fossil  Holocephala,  with  which  it 
was  formerly  compared  by  W.  Davies  *  and  A.  S.  Woodward.'  Both 
these  processes  were  regarded  as  dermal  structures  by  von  Zittel/ 
Jaekel/  and  A.  S.  Woodward,'  and  treated  as  true  ichthyodorulites, 
i.e.  as  if  consisting  of  dentine  or  vasodentine.  In  1890  the  present 
writer  briefly  pointed  out^  that  the  frontal  spine  of  the  Jurassic 
Chimaeroid,  Ischyodus  avita,  consisted  of  extremely  calcified  fibro- 
cartilage,  resembling  that  of  the  so-called  '^claspers"  of  all  male 
Elasmobranchs.  The  microscopical  structure  of  these  parts  differs 
conspicuously  from  that  of  the  calcified  granules  in  the  common 
(hyaline)  cartilage  of  the  internal  skeleton,  and  its  ontogenetic 
development  is  different. 

It  is  necessary  to  describe  these  differences  in  detail,  because 
O.  Jaekel  ^  refers  to  the  frontal  spine  as  having  the  same  structure 
as  the  rostral  prolongation.  With  regard  to  the  rostrum  he  says — 
**It  consists  of  a  hollow  calcified  tube,  the  peripheral  parts  of  which 
consist  of  little  fused  cones  on  which  separate  star-shaped  dentine- 
Bcales  are  fixed." '  The  following  pages  will  show  that  this  statement 
cannot  be  based  upon  accurate  observations.     They  relate  to  two 

1  A.  8.  Woodward,  Cat.  Fobs.  Fishes  Brit.  Mus.,  pt.  ii,  p.  40  (1891). 
«  W.  DaTiee,  Geol.  Mao.,  Vol.  IX,  p.  146,  pi.  iv  (1872). 
»  A.  B.  Woodward,  Proc.  Zool.  Soc.  1886,  p.  627. 

•  K.  A.  von  Zittel,  Handb.  Palaeont.,  vol.  iii,  p.  96. 

^  0.  Jaekel,  Sitznngsb.  Gesell.  naturf.  Freunde,  Berlin,  1890,  pp.  120,  127. 

•  A.  8.  Woodward,  op.  cit,  1891,  p.  40. 

7  0.  Reis,  Geo^ofitiBohe  Jahresherte,  1890,  p.  8. 

■  0.  Jaekel,  Die  Selachier  vom  Monte  Bolea  (Berlin,  1894). 

•  **E8  beflteht  aus  einer  hohlen  Kalkrohre  deren  peripherische  Teile  aus  zusam- 
Ynengeschmolzenen  Kiigelchen  bestehen,  worauf  vereinzelt  stemformige  Dentin- 
^hnppen  sitzen  *'  {op.  cit.,  p.  66). 

DBCADB  IV. — VOL.   H. — NO.   IX.  ^ 
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interesting  fragments  of  the  frontal  spine  and  rostmm  of  Squaloraja, 
duplicate  specimens  from  the  British  Mnseura,  kindly  lent  to  tbe 
present  writer  for  study  by  Dr.  Henry  Woodward,  Keeper  of  tbe 
Geological  Department. 

The  fragment  of  a  frontal  spine  shown  from  the  ventral  aspect 
in  PI.  XII,  Fig.  4,  exhibits  at  the  proximal  end  some  interesting 
features,  which  were  revealed  on  extrication  from  the  enveloping 
matrix.  The  expanded  proximal  end  is  small,  of  triangular  shape, 
and  slightly  excavated  on  the  ventral  side,  this  excavation  being 
subdivided  by  a  little  median  crest.  As  long  ago  supposed  by 
W.  Da  vies,  this  feature  indicates  the  insertion  of  two  muscles,  one 
on  either  side  of  the  median  crest  He  pointed  out  that  most 
probably  the  coarsely  fibrous  structure  of  the  crest  on  the  dorsal 
surface  of  the  spine  proved  the  attachment  of  muscular  .tissue, 
*'  which  connected  it  with  and  served  to  elevate  the  spine  above." 
On  a  male  specimen  of  the  living  Ckimara  (PI.  XII,  Fig.  8)  I  have 
observed  that  the  highest  tendons  of  the  superficial  portion  of 
the  adductor  mandibularis  (Levator  anguli  oris — term)^  are  attached 
not  only  on  the  anterior  surface  of  the  free,  upwardly-curved, 
proximal  portion  of  the  spine-like  process,  but  also  that  the  fibres 
of  its  deeper  portion  are  connected  with  the  whole  ventral  surface 
so  far  as  there  is  space  for  their  insertion.  A  branch  of  the  tendon 
is  attached  also  to  the  under  surface  of  the  skin  covering  the  spine. 
These  muscles  tend  to  depress  the  spine,  but  there  is  none  to  elevate 
it  The  round  free  process,  quite  separate  from  the  cranium,  is  held 
in  place  by  two  dorsal  tendon-like  ligaments  instead  of  muscles,  and 
these  reach  from  the  dorsal  surface  of  the  proximal  expansion  of  the 
spine  to  the  prominent  supra-orbital  roof  of  the  cranium  (PI.  XII, 
Fig.  8).  These  tendons  and  the  bundles  of  muscular  fibres  on  the 
other  side  in  Squaloraja  could  only  have  served  to  fix  the  spine  when 
pressed  in  attack,  which  explains  why  free  tubercles  of  the  integu- 
ment are  confined  to  the  lateral  and  dorsal  side  of  the  proximal 
portion  of  the  spine. 

As  regards  the  internal  structure  of  the  frontal  spine,  we  must 
remark  first  that  it  is  hollow  (PI.  XII,  Fig.  5),  but  becomes  more 
and  more  compact  proximally.  As  in  Chimara  (PI.  XII,  Fig.  12), 
the  dorsal  wall  of  the  cavity  is  much  thinner  than  the  ventral  wall. 
In  transverse  section  (Fig.  5)  we  may  observe  with  a  lens  a  number 
of  capillary  canals  in  the  thick  calcified  wall ;  and  two  smaller  main 
canals  can  be  seen  perforating  the  whole  length  of  the  spine,  one  on 
either  side. 

The  microscopical  structure  of  the  spine  is  quite  the  same  as  in 
Ischyodus  and  Chimara,  A  number  of  vascular  canals  are  to  be 
seen,  and  between  these  there  are  large  cells.  The  elongated  form 
of  the  cells  is  observed  especially  in  the  longitudinal  section,  and 
they  differ  usually  from  the  cells  in  the  prismatic  granules  of  the 
calcified  hyaline  cartilage  of  the  internal  skeleton  of  Elasmobranchs, 
especially  from  those  of  the  Holocephala.  They  are  irregularly 
arranged,  and  the  intercellular  tissue  is  fibrous,  but  this  never 
*  B.  Vetter,  Jena  Zeitschr.  f.  Naturw.,  vol.  xii,  p.  441. 
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exhibits  the  irregular  peripheral  lamellation  which  is  often  observ- 
able in  the  lines  along  which  the  cells  of  calcified  hyaline  cartilage 
are  disposed.^  This  microscopical  structure  is  identical  with  that  of 
the  claspers  of  fossil  and  living  Plagiostomes  and  Holocephala,'  in 
which  the  vascular  canals  are  only  seldom  wanting.  The  micro- 
scopical structure  of  the  middle  cone  of  Selachian  vertebrse  and  of 
the  calcified  gill-filaments  in  the  Teleostomous  fishes,  is  also  similar. 
The  structure  is,  indeed,  to  be  defined  as  fibrous  cartilage,  or,  more 
technically  speaking,  as  a  prechondral  dififerentiation  of  the  mesoderm, 
of  which  the  intercellular  substance  (<'  Bindesubstanz  ")  has  not  yet 
undergone  the  change  into  the  later  hyaline  stage. 

The  fibrous  cartilages  of  the  male  appendicular  skeleton  are 
produced  in  the  curium  by  scleroblasts  of  a  kind  which  never  form 
hyaline  cartilage  in  fishes.  They  are  developed  in  dermal  folds, 
originally  unconnected  with  the  endo-skeleton  of  the  pelvic  fin, 
and  only  joined  secondarily  with  the  latter.'  The  frontal  spine  of 
Chimssroids  is  similarly  quite  separate  from  the  cranium,  and 
essentially  a  part  of  the  fibrous  and  vascular  layer  of  the  cutis. 

The  cells  of  these  calcifications,  which  we  must  now  term 
''cutaneous,"  are  not  only  irregularly  elongated,  but  are  also  much 
more  numerous  than  in  the  cartilages  of  the  endo-skeleton.  I  have 
already  pointed  out^  that  there  is  a  remarkable  difiference  in  the 
number  of  cells  exhibited  by  fossilized  fibrous  cartilage  and  hyaline 
cartilage ;  the  cells  very  frequently  disappear  entirely  in  the  latter, 
and  are  only  rarely  seen  in  certain  parts  of  its  calcifications.  I  have 
observed  the  same  phenomenon  in  the  superficial  granules  of  the 
endo-skeleton  in  the  living  Chim(era,  which  agrees  with  the  fossil 
lackyodus,  ChinuBropais,  and  even  with  Squaloraja.  The  difiference 
may  be  observed  in  the  fibrous  and  hyaline  cartilage  of  one  and  the 
same  specimen. 

The  second  British  Museum  specimen  under  consideration  (PI.  XII, 
Fig.  1)  exhibits  the  great  median  rostral  prolongation.  Its  dorsal 
and  ventral  layers  of  calcareous  prismatic  granules  are  slightly  dis- 
placed at  the  ends.  On  the  surface  are  scattered  several  of  the  little 
hooked  dentine  tubercles,  lying  with  their  radiated  bases  upon  the 
prismatic  granules  of  the  calcified  hyaline  cartilage ;  and  these  seem 
to  be  in  a  perfectly  natural  position.  Near  the  lateral  border  of  the 
proximal  end  of  the  rostrum,  there  is  also  a  noteworthy  lamellar 
deposit  of  bone-like  substance.  The  bony  aspect  and  yellowish-grey 
colour  of  this  are  suggestive  of  the  proximal  end  of  the  male  spine, 
of  which  the  deposit  may  perhaps  be  a  few  splints.  A  microscopical 
section  of  the  substance  confirms  this  idea,  and  clearly  shows  calcified 
cutaneous  fibrillar  cartilage.  The  specimen  may  thus  be  either  (i) 
the  dorsal  aspect  of  the  rostrum  of  a  male  with  rudiments  of  a  spine, 
or  (ii)  the  ventral  aspect  of  such  a  rostrum  showing  paired  ventral 
spines,  or  (iii)  the  dorsal  aspect  of  the  rostrum  of  a  female.  The 
latter  supposition  seems  most  probable,  and  I  regard  the  specimen 

1  W.  C.  Williamflon,  Phil.  Trans.  1861,  pi.  xxx,  fig.  30. 

2  J.  Riess,  Palaeonto^r.,  vol.  xxxiv,  pi.  ii,  fig.  12  (clasper  of  Chinueru). 
8  Petri  Zeitflchr.  f.  wiss.  Zool.,  xxx,  1878,  p.  325. 

*  O.  Reis,  Mikroscop.  Archiv.,  vol.  xli,  p.  669, 
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as  proTing  that  the  spine  consists  primitively  of  paired  elements, 
a  oonclusion  also  suggested  by  the  bilaterally  symmetrical  disposition 
of  the  blood-vessels  in  the  wall  of  the  spine  of  the  adult  male  Ckimara 
and  Squaloraja. 

This  result  is  interesting  in  view  of  the  present  writer's  former 
expression  of  belief  that  the  three  pairs  of  parietal  spines  of  MefMnpii 
(Fig.  9,  php  phji,  phin)  are  the  paired  serial  homologues  of  the  azygous 
frontal  spine  of  the  male  Holooephala.  Jaekel  *  has  referred  these 
horn-like  spines  to  the  vasodentine  skeleton,  at  the  same  time 
including  the  frontal  spine  of  Holooephala  among  vasodentine 
ichthyodorulites. 

The  disposition  of  the  dermal  vasodentine  plates  in  Menaapii  as 
compared  with  the  parietal  horns,  agrees  with  that  of  the  paired 
plates  of  the  MyriacanthidsE^  (e.g.  ChimaropnBf  Fig.  3)  as  compared 
with  their  frontal  spine.  A  Myriacanthid  spine  with  overlying 
tubercles  is  shown  in  Fig.  11,  and  may  be  compared  with  Fig.  9, 
which  exhibits  the  left  half  of  the  cranium  and  trunk  in  Menatpis, 
with  the  three  parietal  (male)  horns,  the  lateral  spine,  and  the  flat 
conical  plates  behind.  Jaekel  may  have  been  led  to  identify  vaso- 
dentine in  the  parietal  horns  of  Menaspis  (if  he  has  had  occasion 
to  study  satisfactory  microscopical  sections  of  splints  of  them)  by 
the  abundant  occurrence  of  canals  for  blood-vessels,  which  are  also 
observable  in  the  male  frontal  spine  of  Chimaraf  Isehyodus,  and 
Squaloraja, 

We  come  now  to  the  consideration  and  restoration  of  the  rostro- 
labial  appendages  of  Squaloraja.  Before  having  established  the 
systematic  position  of  the  genus,  A.  S.  Woodward  described  its  great 
rostral  prolongation  as  an  **  intertrabecular  cartilage."  Now  we 
must  regard  it  as  identical  with  the  corresponding  cartilage  in 
Chimara  (Fig.  8),  and  the  lateral  cartilages,  which  A.  S.  Woodward 
terms  *' prepalatine,"  will  also  be  seen  to  be  the  same  as  in  the 
last-mentioned  genus.  The  rostnim  of  the  Selachian  Bhinohatut 
maronita,  however,  is  nearly  identical  with  that  of  Squaloraja.^ 

Finally,  there  are  the  labial  cartilages  of  Squaloraja,  of  which 
A.  S.  Woodward  recognizes  two  pairs  (Fig.  6,  a,  6),  comparing 
them  with  the  rods  which  form  the  axes  of  the  oral  barbels  in  the 
Myxinoids.  According  to  the  new  view,  it  is  now  necessary  to 
compare  them  with  the  labials  of  Chimara, 

These  appendages  of  Chimttra  are  insufficiently  described  by 
Hubrecht,'*  and  it  is  therefore  necessary  to  treat  of  them  more  in 
detail.  Three  segments  of  cartilages  may  be  distinguished  in  the 
labial  complex.  The  first  segment  (I)  is  a  single  cartilage  ("nasal 
wing  cartilage"  of  Hubrecht),  fixed  in  the  common  rostro-labial 
connective  tissue,  which  also  supports  the  great  median  cartilage  of 
the  second  segment.  The  latter  consists  of  three  cartilages,  of  which 
the  great  median  piece  Ila  is  covered  throughout  its  whole  length 
by  the  lahialis  anterior  muscle,*  and  thus  cannot  be  a  "  Schnauzen- 

1  0.  Jaekel.  Sitzungsb.  Gesell.  naturf.  Freunde,  Berlin,  1890,  pp.  119-131. 
'  See  Catal.  Foss.  Fishes  Brit.  Mus.,  pt.  i,  pi.  iii,  fig.  4. 
3  A.  A.  W.  Hubrecht,  Niederland.  Archiv.,  vol.  iu,  pp.  266-272  (1876). 
<  B.  Vetter,  Jena  Zeitschr.  f.  Naturw.,  vol.  xii,  p.  443  (1878). 
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knorpel"  (Hubrecbt),  but  oan  only  be  iuterpreted  as  part  of  the 
great  Qpper  labial  cartilage  Li  of  the  Selachians,  segmented  because 
the  labialis  is  removed  from  the  intemasal  crest  and  attached  only 
to  the  labial  cartilage  (IIa-II&)  itself.  The  first  segment  is 
homologous  with  the  anterior  upper  labial  Li,  while  the  lower 
labial  cartilage  of  the  Selachian  is  represented  in  ChimtBra  by  Ilia 
and  III6.  Hubrecbt  describes  the  latter  as  hinder  upper  labials, 
retaining  the  symphysial  cartilages  of  the  mandible  as  lower  labials ; 
but,  in  the  present  writer's  opinion,  the  latter  are  homologous  with 
the  ''submental"  cartilages  in  Seyllium  and  Prts/mnis,*  and  therefore 
Yetter  is  right  (loe.  eit,)  in  determining  Ilia  and  1116  as  lower 
labials.  If  one  extends  transversely  the  folded  lip  of  Chimara 
(PI.  XH,  Fig.  7)  by  raising  the  skin  at  the  corners  of  the  mouth, 
the  internal  aditus  of  the  mouth  in  these  corners  is  found  to  curve 
in  the  direction  of  the  arrow  in  Fig.  7.  As  a  consequence  the 
cartilages  III  lie  in  the  ventral  and  hinder  half  of  the  labial  skin- 
fold, shown  in  perspective  from  the  anterior  or  inferior  aspect  in 
Fig.  7.  Moreover,  the  attachment  of  the  cartilages  III  is  really  on 
the  outer  surface  of  the  mandible.  The  separation  of  the  inner 
cartilaginous  segments  II  and  III  is  also  indicated  externally  by 
a  little  infolding  of  the  skin,  which  arises  from  a  certain  point  of 
the  outline  of  the  upper  lip  and  extends  to  the  articulation  of  H 
and  IIL  A  recurved  cartilage  116  extends  from  the  cartilage  I  la 
to  this  point  of  the  outline  (termed  by  Hubrecbt  the  whole  "  anterior 
labial"),  to  support  the  great  curtain-like  lip.  On  its  connection 
with  Ha  is  to  be  observed  lie  in  articulation  with  III. 

In  determining  the  homologies  of  these  parts  in  Squaloraja,  it  is 
necessary  to  remember  that  we  are  dealing  with  a  depressed  skull 
instead  of  one  that  is  laterally  compressed.  Thus  we  recognize  in 
the  great  transverse  cartilage  Ha  the  homologue  of  the  largest 
cartilage  in  the  labial  complex  of  Chimara.  Further,  there  may  be 
observed  at  its  distal  end  the  cartilage  lie,  reflected  backwards  to 
the  mouth-opening,  and  possibly  the  distal  support  of  a  similar 
curtain-like  naso-labial  fold.  With  regard  to  the  third  cartilage  in 
this  region  in  Squaloraja,  we  know  that  it  is  attached  to  the  hinder 
side  of  the  two  first-mentioned  labials,  curved  in  a  similar  manner 
and  probably  situated  in  nearly  the  same  plane  as  these.  Hence  this 
element  can  only  represent  the  anterior  labial  I  of  Chimara,  lying 
behind  the  labials  II  in  Squaloraja  and  approaching  the  mouth- 
opening  on  the  ventral  side,  situated  behind  the  labials  I  and  the 
teeth.  The  nasal  capsules,  I  suppose,  lie  between  the  rostral  cartilage 
and  the  proximal  ends  of  these  labials,  opening  ventrally. 

These  cartilages  of  Squaloraja,  therefore,  cannot  be  regarded  as 
cirri-like  outgrowths  of  the  hinder  labials,  but  represent,  in  fact,  the 
upper  anterior  and  posterior  labials  themselves,  lying  apparently 
in  the  interior  of  a  naso-labial  fold.  Their  great  development 
corresponds,  indeed,  with  that  of  the  rostrum  and  of  the  rostral  spine. 

With  reference  to  the  spine,  A.  S.  Woodward  observes  that  "  we 
are  concerned  with  an  admirable  illustration  of  the  principle,  that 
1  C.  Gegenhanr,  Untermcli.  Tiergl.  Anat  Wirb.,  pt.  iii,  p.  20 G. 
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the  contours  of  superficial  structures  appended  to  the  cranium  are 
frequently  deteimitied  in  the  main  by  the  shape  of  the  fundameutal 
cartilage  to  which  they  are  attached."  The  application  of  this 
principle  is  well  exhibited  in  the  vasodentine  dermal  skeleton  of 
Elasmobranchs  in  general,  when  there  is  no  direct  attachment  or 
relationship  to  the  muscles.  But  the  illustration  of  the  frontal 
spine  is  especially  interesting.  It  is  long  when  adapted  to  a  long 
and  strong  rostrum  (Squaloraja  and  Myriacanthus) ,  short  when 
adapted  to  a  weak  or  reduced  rostrum  (hchyodtu  and  Chimara) ; 
laterally  compressed  when  on  a  laterally-compressed  rostrum,  verti- 
cally compressed  when  on  a  skull  like  that  of  Squalorajc^ 

EXPLANATION    OF    PLATE. 

Fio.  1. — SqnaJoraja  polyspwidyla^  Ag:a88. :  median  roetral  cartilage,  probably  of 
female,  from  above  (a)  and  in  transTerse  section  at  proximal  end  [b). 
er.  fragments  of  cranium ;  /.  fibrochondral  lamella).    (\Briti8h  Museum.] 

Fio.  2. — Ditto :  transverse  section  of  frontal  spine,  enlarged  about  80  diameters, 
!«howing  enclosed  cells  and  blood-vessels,  the  upper  edge  representing  the 
inner  border  resting  against  the  soft  cartilaginous  axis. 

Fio.  3. — Chimftropsin  paradoxa,  Zittel:  cranium  of  female,  about  one-sixth  nat. 
size ;  contour  restored  in  dotted  lines.  [Palocontological  Museum, 
Munich.] 

Fio.  4. — Sqaahraja  pofi/spondyh^  Agass. :  frontal  spine,  inferior  aspect,  showing 
jrrooves  for  adductor  muscles. 

Fio.  o. — Ditto :  transverse  sections  of  spine,  showing  inner  cavity  and  the  bilaterally 
svTnmetrical  arrangement  of  blood-vessels. 

Fio.  6. — Ditto  :  dorsal  aspect  of  head,  restored  after  figures  by  Agassiz,  W. 
Da>'ie8,  and  A.  S.  Woodward,  a,  *,  calcified  rings  of  "lateral  line"; 
I.  Ila,  llCf  labial  cartilages  ;  Ri,  median  rostral  cartilage ;  K|j,  lateral 
ditto. 

Fio.  7. — Chimfera  monstroaOf  Linn. :  right  half  of  anterior  side  of  mouth  and  nasal 
opening,  from  below.  The  comer  of  the  mouth  and  lip  are  raised  to 
show  arrangement  of  labial  cartilages,  and  the  arrow  divides  the  labial 
complex  into  that  of  the  upper  and  that  of  the  lower  lip. 

Fio.  8. — Ditto:  right  side  of  head  of  male,  a  little  from  above,  the  skin  removed 
as  far  as  the  eye,  and  displaying  the  lens  (/.),  iris  (tr.),  and  the  deep 
cutaneous  or  sclerotic  fold  {x.)  round  the  iris.  The  dotted  surface  indicates 
the  rostral,  cranial,  labial,  and  mandibular  cartilages.  The  tendon  {t.) 
ui  the  hinder  attachment  of  the  frontal  spine  connecting  it  with  the 
cranial  roof  above  the  orbit  is  unshaded  on  the  right  side,  and  indicated 
by  t^  on  the  left  side.  The  uppermost  and  hindermost  fibres  of  the 
adductor  fnafidibuhris  are  attacned  to  these  tendons  and  to  the  bn»ad 
inferior  surface  of  the  frontal  spine  itself  (/.».).  The  tendons  of  the 
lei'ator  anguli  oris  {l.a.o.)  are  attached  on  the  upper  anterior  surface  of 
the  base  of  the  spine.  The  tendons  proceeding  from  the  intemasal  cranial 
crest  and  the  median  rostrum  itself  (R,)  are  the  ligaraental  supports  of 
the  rostral  sensory  apparatus ;  the  right  lateral  rostral  cartilage  (Rn)  is 
seen  in  front  of  the  nasal  capsule  (n.). 

Fio.  9. — Menaspia  armaia,  Ewald :  left  half  of  cranium  and  anterior  portion  of 
trunk,  from  above  (after  Jaekel),  showing  the  probably  male  parietal 
horn-like  (?  chondrodermal)  appendages  (/^A,,  joAn,  ph^i)  and  the  true 
dentodermal  lateral  spine  (/.•.)  corresponding  in  form,  attachment,  and 
RU])erficial  ornamentation  to  the  armature  of  the  trunk,  but  differing 
in  these  and  other  macroscopical  characters  from  the  appendages  ph., 
])robably  chondrodermal  calcifications  like  the  frontal  appenoages  of 
Chi  mar  a,  Myriacanthus^  and  Squalor  c^/a  (Figs.  6,  8,  11). 

Fio.  10. — CJiimtera  monsfrosa,  Linn.:  arrangement  of  "lateral  line'*  in  respect  to 
the  cranial,  labial,  and  rostral  cartilages  below  {cf.  Fig.  6,  Squaloraja)' 

Fio.  II. — Mt/riaeanthus  granuUUus^  Egert. :  frontal  spine  showing  lateral  muscular 
grooves  on  proximal  end.   er,  cranium;  Rj,  median  rostral  prolongation. 
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Fio.  12. — Chimara  monstrosa,  Linn. :  long;itudinal  section  (not  quite  median]  of 
frontal  spine,  magnified.  The  soft  cartilaginous  (pro-fibrochonorall 
axis  («a.)  is  represented  by  the  lieht  shadii^ ;  the  calcified  wall  {w.) 
with  the  blood-vessels  (bl.v.)  is  shaded  darker.  The  black  inferior 
surface  of  the  spine  serres  for  the  attachment  of  a  great  part  of  the 
fibres  of  the  adductor  mandilmlarit ;  l.a.o,  marks  the  attachment  of  the 
Uvator  anffuli  oris.  The  median  canal  {m.e.)y  before  subdividing  into 
two  lateral  branches  of  blood-vessels,  has  a  calcified  surrounding  wall, 
separating  the  soft  axis  into  an  anterior  (mj)  and  a  posterior  (ta.)  mass. 
The  cutis  (eu.)  with  the  denticles  (d.)  is  uncoloured. 


II. — A  Short  Aooount  of  the  Ammonites  and  thbib  Allies,  as 
Exhibited  in  the  Cephalopod  Oalleet  at  the  British 
Museum  (Natural  History). 

By  Arthur  H.  Foord,  F.G.S., 
Of  ^e  Eoyal  Dublin  Society,  Dublin. 

rpHE  great  group  of  the  Ammonites  (using  that  term  in  its 
JL  general  acceptation)  is  distinguished  from  all  other  kinds 
of  chambered  shells  of  the  Cephalopod  type  by  the  complicated 
foliations  of  the  margins  (sutures)  of  the  partition  walls  or  septa 
into  which  such  shells  are  subdivided.  Though  typically  coiled, 
much  in  the  manner  of  the  flat  pond-snail,  Planorbis,  there  are 
straight  and  variously  curved  Ammonites;  but  all  have  the  common 
character  of  a  highly  foliated  "  suture-line." 

The  derivation  of  the  Ammonites  from  the  Goniatites  has  been 
clearly  made  out  in  certain  groups  by  means  of  this  suture-line, 
the  development  of  which  from  its  earliest  stages  of  growth  has 
furnished  the  key  in  such  investigations. 

The  following  sixteen  families  or  sections  of  the  Ammonites  are 
the  result  of  the  most  recent  researches  in  this  large  and  difficult 
group  of  fossils: — (1)  Aroestidjs  ;  (2)  Tropitid-s;  (3)  Cerati- 
TiDiB ;  (4)  Cladisoitida  ;  (6)  Pinacoceratida  ;  (6)  Phyllooera- 
TiDiB ;    (7)    Lttogeratida  ;   (8)    PTYOHiTiDiB ;    (9)    Amaltheid^  ; 

(10)      ARIETIDiE  ;       (11)      iEoOOERATID^  ;        (12)      PoLYMORPHIDiE  ; 

(13)  Harpooeratida  ;  (14)  Pulchellida;  (15)  Haplogeratid^  ; 
(16)  stbphanooeratidie. 

lliese  sections  will  be  found  amply  represented  in  the  gallery 
set  apart  for  their  display. 

Omitting  certain  forms  of  doubtful  relationship,  to  be  subsequently 
dealt  with,  a  brief  account  of  the  above  groups  may  here  be  given. 
The  first  four  families  are  found  chiefly  in  the  Permian  rocks  of 
Sicily  and  of  India,  and  in  the  Triassic  rocks  of  the  Alps  (Alpine 
Trias).  Among  the  Aroestidje  may  be  noticed  the  singular  Triassic 
genus  Arcesies,  with  its  deeply  embracing  whorls  and  contracted 
aperture.  In  the  Ceratitida  the  well-known  Muschelkalk  species, 
Ceratiies  nodosus,  with  its  peculiar  suture-line  (Fig.  2),  and  the 
richly  ornamented  shell  of  Trachyceras  Aon  (Fig.  I),  are  met  with. 

Three  very  peculiar  shells  also  deserve  notice.  They  are:  Choris' 
foceras,  Cocldoceras,  and  Bhabdoceras.  In  ChorisioceraSy  the  last 
whorl  becomes  separated  from  the  preceding  ones,  in  the  manner 
of  CriaeeroB.     CoeMoceras  is  turreted  like  a  Ghisteropod,  and  may 
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be  oompired  with  TiirriliUt  in  this  respect    BtuAdoeertu  is  itnigfat^ 
like  Baetiiitti.     All  are  from  the  Alpine  Triaa. 

The  PiHAOOOKRATiSA  oontaia  the  large  Bpeoiea  known  u 
Pinacoeeraa  Metleniiehi,  from  the  Keuper  of  Hallstadt,  in  Upper 
AuBtria.     {WaU.oa»e  12.) 

Fio.  1. 


Traeiyttrat  Aon,  Uiiut.     (Alploe  Tiiu.) 
The  extreme  delioaoy  of  the  ramifioations  of  the  sutures  i 


thia 


species  excels  that  of  any  other  Ammonite  known.  The  leaf-like 
terroiDatioDS  of  the  sutures  in  the  Pbvllocehattda  are  the  dis- 
tinguishing feature  in  this  group;  they  are  well  aeen  in  the  typical 
species  PhyUoeerat  htterophj/ttvm.  Fig.  3.  (Wall-case  11.)  This 
family  began  in  the  Trias,  but  it  extended  through  the  Juiauio 
into  the  Gretaoeous. 

Fio.  2. 


Oratitf  nedviut,  De  Haan.  (Mnschalkalk.) 
The  sutnre-line  is  again  the  most  important  feature  in  the  familj 
next  in  order,  viz.  the  Lytooxbatid*,  for  it  supplies  the  juatification 
for  oonneoting  together  an  assemblage  of  genera  diffeving  widely  "o 
external  shape.  The  family  begins  in  the  Trias,  and  is  la^ly 
represented  in  the  Jurassio  and  Cretaceous  rocks.     One  of  the  most 
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beantifalipeotwof  thiBgronpu  L^toeerntjfmbn'aftini,  whose  regular, 
wavy  linea  ranning  aaroM  the  bIibII  make  it  very  attraotive  to  the 
eye;  the  effaot  being  heightAaed  by  the  bald,  ebarp,  transverse  ridgeg 
enoiroling  the  shell  at  freqeent  intervals,  representing  the  former 
"lips"  of  the  shell,  Fig.  4.  {Wall-oaee  11.)  In  MaeroaeaphUf 
[Wall-case  3,  Table-oase  61)  the  shell  is  for  about  fonr  ooDVoIutions 


LjflBacraiJI'iihriattim,  Sow. 
(Middle  Liu.) 

or  whorls  exactly  similar  in  shape  to  a  Lytoeerai,  when  it  suddenly 
takes  a  direction  tangential  to  the  ooiled  part,  and  after  pursuing 
a  nearly  straight  ooiiree  for  a  short  distance  it  bends  back  in  a  hook- 
like t«rmination  (Fig.  5).  In  Hamitea  the  shell  is  bent  at  both 
endtt,  the  apical  or  smaller  (initial)  end  being  again  bent:  thus  the 
shell  has  three  ourvatures.    Owing  to  its  slendemess  the  apical  part 


lfaero*eapMtei  Itani 

of  the  ehell  is  rarely  obtained  (Fig.  6).  (Tahle-oaae  60.)  Uanitet 
attains  its  greatest  development  in  the  Oault.  In  Uamulina  ami 
Plychoeerat  (Neocomian  and  Qanlt)  there  is  but  one  sharp  bend  in 
the  shell,  the  straight  limbs  in  Ptyekoeeraa  being  actually  in  uontact 
at,  and  in  the  region  of,  the  aperture. 

A  atill  further  departure  from  the  typical  form  of  the  Ci'phftl»pod 
shell  is  encountered  in  the  singular  genus  Turrilitei,  which  takes 
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tbe  fonn  of  a  Gastoropod  shell  (Fig.  7).  The  month  or  aperture  it, 
however,  turned  towarda  the  left-hand  aide,  or,  in  other  words,  the 
shell  is  "  sinietiid."  TurriliUt  is  found  axctasively  in  Cretaoeoni 
roclta.  (Wail-case  3,  Table-case  60.)  Etlicocrrai  is  coiled  like 
Turrilites,  but  the  whorls  are  disoonnected.     In  Beleroeeraa  the  lut 


Fio. 


Eamiltt  lUgam,  d'  Orb. 


whorl  is  detached  (Fig.  8).  Both  are  Cretaceous  genera.  (Table- 
.  CHse  67.)  In  BaeuUtet  {Cretaceous)  tlie  shell  is  perfectly  straight, 
except  in  the  earliest  or  embryonic  stage  of  lU  development,  in 
which  it  is  coiled.  It  occurs  in  vnat  numbers  in  the  Danian  (Upper 
Continental  Chalk)  of  the  North  of  France,  whence  the  name  BaculHe 
Limestone  given  to  those  beds  (Fig.  9).  (Wall-oaae  3,  Table-case  GO.) 
The  next  group,  pTVCHiTin*,  consisU  for  tbe  most  part  of 
Triasfiic  genera,    but    its   earliest   representatives   ooiue    from  the 


(Oflult.) 

Permian  rocks  of  Sicily.  Ptychitet  and  Gymniles  from  the  Alpioe 
Trias  are  among  the  best  knowu  genera.  Daraelitet  of  the  Permian 
of  Sicily  is  specially  interesting  from  the  fact  that  its  autunl 
characters  resemble  those  of  some  of  the  Qoniatites,  and  takins 
the  PiYOHiTiDx  as  a  whole  it  is  considered  that  the;  present  a 
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gradation&l  seriea  connecting  the  Goniatitee  with  the  AmmoniteB. 
(Table-caoe  69.) 

The  principal  feature  observable  in  the  Akaltheids  is  the  leeel  or 
projecting  edge  of  the  outer  border  (periphery)  of  the  shell,  which 
is  prolonged  beyond  the  margin  of  the  aperture  in  the  form  of 
a  long  narrow  prooesa.  In  Amaltheut  margarifatui  (Middle  Liag) 
the  keel  i>  prominent  and  beautifnlly  soulptured,  resembling  the 

Fio.  9. 

Baeulitt*  anetpt.  Lam.     (Upper  Cretaceoiu.) 

strands  of  a  miniature  rope.  CarHoeerat  eordtzlan  (Oxford  Clay) 
is  one  of  the  most  highly  ornamented  of  Ammonites,  having  a  series 
of  numerous  sharp  ribs  upon  the  sides  of  the  shell,  which,  in  passing 
over  the  periphery,  form  a  series  of  fine  orennlations  (Fig-  10). 
Sehloenbaehia  variant  (Lower  Chalk]  haa  strong  and  knotted  ribs. 
(Wall-caseB  5,  9,  II;  Table-cases  62-69.) 

The  family  of  the  Aribtids  embraces  a  large  number  of  Am- 
monites which  at  first  sight  appear  to  be  only  remotely  related, 
nevertheless  a  careful  study  of  tlieir  development  Las  led  to  their 


Cttrdieetret  eorAitiim,  Sow.     (Ollord  Clay.) 

being  grouped  tt^ether.  Among  the  most  familiar  members 
of  this  large  group  are  the  following,  viz.  r  P»iloeera»  planorbe, 
which  gives  its  name  to  the  "  zone  of  Ammonilea  planorbit "  of  the 
Ixiwer  Lias,  and  at  the  same  time  marks  the  first  occurrence  of 
Ammonites  in  Britiiih  rocks ;  Anetilet  BueManAi  {A.  Bucklandi 
zone);  AneliUi  oblutui.  Fig.  11  [A.  obtutua  zone) ;  and  Oxynolieerat 
oaynoltim  (A.  oxj/nolut  zone). 

The  shells  in  this  group  are  flattened  in  form,  and  the  whorls 
Dsiially  only  slightly  emhraoing,  and  generally  numerous  (see  Pailo- 
ttrat  flanorbe,  e.g.).     OzyHoticeras  oxj/notum  is  remarkable  for  tho 
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sxtremel;  ftttennated  and  trenohant  form  of  the  adult  ahelL  In  tliil 
BpeoioB  the  whoriB  are  deeply  embraoinfir,  bo  that  veiy  little  ia  Men  of 
the  inner  volutions.     (Table-oase  68,  Wall-oaae  12.) 

llie  .JiaooERATiDX  are  reatricted  to  one  genua,  Mgoetrat,  of  the 
Lias.     Mgoeerat  eaprieorHtu,  Fig.  12  {A.  eaprieormu  zone  of  the 

Tia.  11. 


ArUlit—  eilutu,  Sow. 


Lower  Lias),  ^.  Davai  (Fig,  IS),  and  ^.  armalum  of  the  Lower 
Lias  are  some  of  the  most  characteristic  apeciea.  The  last-named 
Bpecies  is  conspicaoua  for  the  long  spiny  pro(;eBseB  projecting  from 
the  Bidea  of  the  ahelL     (Wall-case  12.) 

The  family  Foltmobphisa  has  been  conetituted  to  contain  certain 
genera  which  have  been  separated  from  the  .^gocikatid^s  on  the 


one  hand  and  from  the  Harpocbratidjk  on  the  other.  It  ia  notable 
for  the  variations  undergone  by  the  shell  in  passing  from  the  young 
to  the  adult  stage  of  growth.  Liparoeerat  Beehei  (Middle  Lias)  is 
a  well-kuown  species  with  a  highly  ornate  shell.  Hammaloeerat 
Sowerbt/i  (Lower  Oolite)  has  a  keeled  margin  in  the  young  shell 
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whioh  it  loses  in  the  adult,  wbile  the  nmbilioas,  at  fint  uanow, 
beootues  ultimately  wide.     (Wall-oase  10.) 

The  Harfogbbatida  are  derived  from  the  Abiktida,  The  oldest 
forma  he^n  in  the  Middle  Lias,  and  they  extend  into  the  Inferior 
Oolite.  The  sheik  are  flattened  and  keeled,  and  have  faloiform  or 
siokle-ehaped  ribs,  or  Btriee.  Eildoetrat  hifront,  from  the  Upper 
Lias  of  Wbitby,  shows  this  kind  of  ornamentatioa  very  distiDoUy, 
Fro.  14. 


(Upper  Liaa.) 

Leioeerai  opa/tnutn  (Lower  Lias)  te  another  characteriatio  epeoies, 
the  apertare  with  ear-shaped  lateral  processes.  Orammoetras  terpen- 
(inu«  (Fig.  14)  characteHzeB  the  "  Serpeaiinui  zone,"  or  Jet  Bock, 
which  has  yielded  some  of  the  finest  and  best  preserved  Ammonites 
of  the  Yorkshire  Lias.  Of  Inferior  Oolite  species  Ludaigia  Murehuona, 
Sow.,  and  Oppelia  tubradiala.  Sow.,  may  be  mentioned.  (Wall- 
oase  10.) 


Desmocerai  ligalum,  d'Orb. 


The  FuLOHKLLtDA  (Cretaceous)  are  remarkable  for  the  simplicity 
of  their  suture-line,  some  resembling  Goniatites,  others  Ceratiles,  in 
this  respeot.  They  are  considered  to  be  tiue  Ammonites,  descendants 
of  the  Jurassic  Habfooeratida ,  but  in  a  state  of  degeneracy.  Fvl- 
ehdUa  eonpreniuima  (Lower  Cretaceous)  and  Neolobitei  Vibrayumvt 


I 


!ft; 
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(Upper  Cretftoenita)  mny  be  cited  as  examples  of  thii 
(Table-Oftses  63,  (14.) 

The  HAPLof!«RATiD.B,  ranging  from  the  Inferior 
Hiddle  Clialk,  differ  in  many  respects  from  (he  Hi 
from  which  they  liranclt  off.  The  shell  \»  generall; 
times  remarkably  so,  as  in  Parhyditcnn  jieram[iluM  ' 
Chalk ;    there  ave  also  periodic  conetriolions  or  gnw 


BUrfsoe,  whicli  gave  rise  to  the  old  group-name  Ligali, 
contour  of  the  eilge  or  periphery  of  the  shell  is  iminti 
being  no  keel  such  as  is  met  with  in  the  Habpuoerati 
an  aptychiis  in  a  few  forms.  Of  the  flalttr  kinds  o 
present  family,  Df-imocerat  Ugatnm  (Fig.  15)  of  the  1 
Detmocerag  pliinulalum  of  Ihe  Gault  may  be  refeiTcd  t 
(Table-case  tii.) 


SUphataetrM  eoromlum,  d'Orti.  (Callorimi.) 
The  last  section  to  be  described  is  that  of  the  Sxapi 
an  extensive  and  varied  group  of  shells  which  are  c 
many  cases  by  the  symmetrical  and  beautiful  ribbit 
they  are  omamenled.  A  few  examples  will  serve  t 
viz.  Siephnnocern*  Blagdeni  (Fig.  16).  Inferior  Oolite, 
coTonatam  (Fig.  17)  and  Oogmoeerat  Jason  (Fig.  18),  o 
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r  OxTord  Cla^r,  and  Soplitee  radtaliu  {Fig.  19),  of  the  NeooomSan. 
Wall-caaes  5,  9,  10;  Table-oases  62-68.) 

Another  characteristio  ahell  of  this  group  is  the  Acanlhoeeras 
ihotOJiiagenae  of  the  Lower  Chalk.     (Table-oaBs  62.) 

A  small  group  of  forms  still  remains  to  be  oonsidered  whose 
truoture  (external  and  internal)  has  led  to  their  being  regarded  as 

Fia.  IS.  Fio.  IS. 


>ffsboots  from  tbe  Stephahociratidx.  Tbey  may  be  divided  into 
wo  sections— the  first,  consisting  of  shells  partly  uncoiled;  the 
eoond,  in  which  the  shells  are  completely  coiled,  with  deeply 
unbracing  whorls. 

Section  I. — The  form  of  Scapkitet  immediately  recalls  that  of 
Voeroieaphilei,  but  it  differs  in  several  particulars :  it  is  much 
nore  closely  coiled,  that  is,  the  inner  coils  of  the  shell  are  not  seen, 


Seaphiitt  Sv^ardittitui,  d'Orb.     (Cretaceoiu.] 


eing  covered  up  by  the  suoceeding  ones ;  and  further,  the  uncoiled 
art  ia  much  shorter  and  its'  outline  more  rounded,  while  it  bends 
ver  so  as  to  almost  reach  the  coiled  part.  SeaphiUg  is  abundant  in 
ie  Middle  and  Upper  Cretaoeons.  (Table-case  61.)  Crioceraa  has  the 
)rm  and  curvature  of  an  Ammonite,  but  the  whorls  are  not  in  contact 
Fig.  21).     It  woe  formerly  supposed  that  this  genus  was  wrongly 
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founded  upon  broken  sbellR  of  Anegloterat  (q.  v.) ;  but  the  diaooTeiy 
of  the  apertare  ha>  dispelled  this  error.  There  i>  no  doubt,  howeTei, 
that  Toxoeerat  ii  nothiDg  more  than  a  fragment  of  Cnocenu.  Anej- 
Uxerat  begin!  like  Crioeerai,  but  at  the  last  wborl  the  shell  is 
Straightened  out  at  a  tangent  to  the  coiled  part,  and  after  attuning 
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a  considerable  length  in  a  straight  course  it  bends  over  abruptly 
in  the  direction  of  the  coiled  part,  as  in  Seaphitet.  Crioeeroa  and 
Anq/locerag  are  variously  and  elegantly  ornamented  with  ribbing, 
■pines,  and  tnbercles.  Crioeerai  extends  from  the  Keocomian  to 
the  Upper  Greeusand;  Aneyloeerai  from  the  Inferior  Oolite  to  the 
Gbalk. 

Fia.  3Z. 


Anq/loeerv  Mathrrmumtim,  d'Orb 

Section  IT. — This  section  includes  Ammonites  of  flat,  disc-li^ 
form,  with  Cera/i(e»- like  sutures  and  deeply  embracing  whorls. 
Sphenodi»eu»  and  Buehiceras  (Upper  Cretaceous)  are  charncteriBtio 
genera.  Plaeentieerai  (Gretaoeous)  inaludeBanah  speoicBaaP.  Lar^i' 
lertianNin  and  P.  Orbtgnganum. 

An  hour  spent  in  this  gallery  will  well  repay  tlie  student  interested 
in  the  atudy  of  the  fossil  Cephalopoda. 
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m. — A  Dbsobiftion  of  Ceramurus  macrockphalus,  a  small  Fossil 
Fish  fbom  thk  Pubbegk  Beds  of  Wiltshibk. 

By  Ahthur  Smith  "Woodward,  F.L.S.,  F.G.S., 
Of  the  British  MuBeum  (Natural  History). 

SINCE  the  publication  of  some  notes  on  the  English  Purbeckian 
Fishes  a  few  months  ago,^  the  writer  has  been  favoured  by 
the  Rev.  P.  B.  Brodie,  M.A.,  F.G.S.,  with  the  opportunity  of  re- 
investigating and  comparing  the  original  specimen  of  the  small 
problematical  fish  Ceramurus  macrocephalus,  briefly  described  by 
Egerton'  from  the  Purbeek  Beds  of  the  Vale  of  Wardour.  Most 
ot  the  early  descriptions  of  fossil  fishes  are  inadequate  for  present 
needs ;  and  no  genus  and  species  could  be  less  satisfactorily  charac- 
terized than  that  just  referred  to.  A  new  attempt  to  elucidate  the 
fossil,  in  the  light  of  modem  knowledge,  is  thus  very  desirable, 
more  especially  as  no  other  specimens  of  the  same  fish  have  hitherto 
been  recognized. 

Egerton's  original  description,  accompanying  Brodie's  figure,  is 
merely  a  brief  note.  He  remarks  that  this  little  fish  "  presents  the 
nearest  affinity  to  the  remarkable  genus  Megalurua,  but  differs  in 
its  slender  form  and  the  large  proportional  size  of  the  head.  The 
vertebras  seem  to  be  fewer  in  number,  and  of  smaller  diameter. 
The  most  characteristic  feature  is  the  tail,  which  is  strengthened 
above  and  below  by  broad,  elongated,  fulcral  scales.  This  interesting 
specimen  may  be  designated  by  the  name  of  Ceramurus,  or  tile-tail, 
from  the  character  of  the  fulcral  scales  supporting  the  lobes  of  the 
caudal  fin.  The  species  may  be  called  macroeephalus.**  Such  is 
the  complete  quotation,  and  no  further  particulars  as  to  the  genus 
and  species  have  hitherto  been  published. 

The  fish  in  question  is  preserved  in  counterpart,  but  the  head  and 
caudal  fin  are  imperfect,  while  a  vein  of  calcite  crosses  it  obliquely 
at  the  hinder  end  of  the  abdominal  region.  There  is  also  some 
displacement  at  the  back  of  the  branchial  region.  The  length  of 
the  head  with  opercular  apparatus  must  have  been  about  twice  as 
great  as  the  maximum  depth  of  the  trunk,  while  it  would  probably 
be  contained  four  times  in  the  total  length  of  the  fish.  No  feature 
worthy  of  note  can  be  observed  in  the  fragments  of  the  head.  The 
vertebral  centra  are  delicate  rings,  which  appear  to  have  been  disposed 
in  a  spaced  series  so  that  in  their  crushed  condition  they  are  exposed 
mostly  in  end-view.  It  is  not  possible  to  count  them.  The 
neural  arches  in  the  abdominal  region  are  much  shorter  than 
their  appended  spines,  which  are  loosely  apposed  apparently  by 
a  forked  base.  The  ribs  are  short,  and  especially  delicate.  The 
neural  and  hsemal  spines  in  the  caudal  region  are  fused  with  their 
respective  arches,  and  these  also  probably  with  the  vertebral  centra. 
The  axis  is  much  turned  upwards  at  the  base  of  the  caudal  fin,  and 
the  hsdmal  spines  are  thickened  as  usual.     There  are  no  traces  of 

^  "  A  Contribution  to  Knowledge  of  the  Fossil  Finh  Fauna  of  the  English  Poibeck 
Beds,"  Gbol.  Mao.,  Dec.  IV,  Vol.  II,  p.  370  (April  1895). 
»  In  P.  B.  Brodie's  **  Fossil  Insects,"  p.  17,  pi.  i,  fig.  2  (1846). 
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intermascnlar  bones.  The  fins  consist  of  long  slender  rays,  with 
distant  articulations,  and  apparently  never  forked  more  than  once 
at  the  distal  end.  Each  is  fringed  by  three  or  four  very  long  and 
slender  fulcra,  which  are  conspicuous  by  their  enamelled  surface. 
The  slender  pectonil  arch  of  one  side  is  displaced  backwards, 
and  the  imperfect  pectoral  fins,  with  the  characteristic  fulcra,  are 
shown.  One  of  the  hour-glass-shaped  pelvic  fin-snpports  is  ex- 
hibited, and  some  of  the  delicate  pelvic  fin-rays  adpressed  to  the 
trunk  reach  as  far  as  the  origin  of  the  anal  fin.  The  dorsal  fin  is 
short-based,  arising  near  the  middle  of  the  back  and  opposite  to  the 
pelvic  pair.  Nine  supports,  of  which  the  anterior  ones  are  stouter 
than  the  rest  and  somewhat  winged,  can  be  counted  in  front  of  the 
disturbing  vein  of  calcite;  and  the  long  dorsal  rays  are  pre88ed 
down  upon  the  back  so  that  their  distal  ends  appear  behind  this 
vein.  The  anal  fin  arises  behind  the  posterior  end  of  the  dorsal, 
and  comprises  about  eight  rays,  which  when  adpressed  reach  nearly 
to  the  base  of  the  caudal  fin.  The  latter  fin  is  imperfect  and  dis- 
torted, and  it  is  impossible  to  determine  whether  or  not  it  was 
forked.  Delicate  scales  may  have  covered  the  trunk,  but  there  is 
no  clear  evidence  of  them.  Robust  ganoid  ridge-scales,  however, 
are  observable  on  both  borders  in  the  hinder  half  of  the  cautlal 
region ;  and  those  of  the  dorsal  border  are  shown  to  be  remarkably 
acuminate,  the  apex  of  each  scale  being  especially  produced  into 
a  long  point  at  the  base  of  the  upper  caudal  lobe. 

In  short,  so  far  as  can  be  determined  from  this  unique  specimen, 
Ceramurus  does  not  exhibit  any  special  feature  of  resemblance  to 
Mfijalurus,  The  fins  bear  large  fulcra,  while  those  of  Megalurns 
are  non-fnlcrated;  the  form  of  the  caudal  fin  is  unknown;  the 
dorsal  fin  is  remarkably  short ;  the  vertebral  centra  are  merely 
spaced  rings.  On  the  whole,  the  fish  appears  to  the  present  writer 
to  be  most  closely  related  to  PhoHdophorns,  and  it  will  probably 
prove  to  have  a  forked  tail.  The  axial  skeleton  of  the  trunk,  the 
fins,  and  the  caudal  ridge-scales  are  especially  suggestive  of  Pholi- 
dophortis ;  but  Ceramurus  differs  in  the  large  size  and  fewness  of 
the  slender  fin -fulcra,  in  the  unusual  development  and  serried 
arrangement  of  the  dorsal  ridge-scales  of  the  tail,  and  in  the 
apparent  absence  of  scales  on  the  flanks.  The  fish  may.  therefore, 
be  provisionally  assigned  to  the  Pholidophoridaj,  under  the  generic 
and  specific  name  which  Egerton  proposed  for  it. 


IV. — Notes   on   "The   Great   Ice   Age"   in   Relation   to  th« 

Question  of  Submergence. 

By  DuoALD  Bell,  F.G.S. 
{Continued  from  p,  365.) 

V.  Changes  op  Level  in  Relation  to  Clijiate. 

LEAVING  those  local  matters,  there  is  a  point  of  some  general 
interest,  suggested  by  several  passages  of  Dr.  Geikie's  work, 
which  we  should  like  briefly  to  notice  before  laying  it  aside.  It 
is  in  regard  to  those  repeated  depressions  and  re-elevations  of  the 
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land  which  he  still  favours  in  oonnection  with  the  Glacial  epoch. 
Dr.  Geikie's  latest  *'  scheme "  of  that  epoch  seems  to  include  at 
least  five  Glacial  and  four  inter-Glacial  periods,  accompanied  by 
submergences  and  re-elevations  to  the  extent  of  between  500  and 
600  feet — the  maximum  being  for  the  present  restricted  to  that 
amount.^  Frankly,  we  confess  ourselves  unable  to  see  the  proofs 
for  so  many  Glacial  and  inter* Glacial  periods,  of  which,  if  they 
did  occur,  it  would  apparently  be  impossible--on  the  author's  own 
premises  as  to  glacial  erosion — now  to  discover  any  traces.  Apart 
from  this,  we  might  remark  on  the  inherent  iinpnibability  of  such 
extensive  oscillations  of  the  earth's  crust  having  happened  in  recent 
geological  times,  without  leaving  more  distinct  evidence  of  them- 
selves than  the  very  scanty  and  doubtful  deposits  which  we  have 
been  considering. 

Let  us  look,  however,  for  a  little  at  such  alleged  movements  in 
one  aspect  only— their  relation  to  glacial  conditions.  We  think  it 
may  be  taken  as  a  certain  datum,  to  begin  with,  that  in  itself  a  high 
elevation  of  the  land  tends  to  bring  about  colder  conditions;  and 
on  the  other  hand,  a  depression  or  submergence  of  the  land  rs 
distinctly  favourable  to  milder  conditions  of  climate.  In  tins 
country,  for  example,  an  elevation  of  a  few  hundred  feet  would 
bring  a  considerable  extent  of  our  mountainous  regions  within  the 
limits  of  perpetual  snow.  It  would  also  ward  off  to  a  greater 
distance  the  warmer  currents  of  the  sea,  and  in  these  and  other 
more  indirect  ways  it  would  obviously  lower  the  general  tempera- 
ture of  the  country.  On  the  other  hand,  a  submergence  of  a  few 
hundred  feet,  by  lowering  and  diminishing  the  high  lan^ls,  and  by 
admitting  more  freely  the  ocean  currents — the  great  distributors 
of  heat  and  equalizers  of  temperature — would  certainly  go  far  to 
bring  about  milder  and  more  genia'l  climatic  conditions.  So  that, 
as  Lord  Kelvin  has  pointed  out,  with  a  far  more  moderate  sub- 
mergence than  many  are  in  the  habit  of  imagining,  in  the 
northern  hemisphere,  there  would  in  all  likelihood  be  no  snow 
or  ice  at  all  till  some  point  far  up  within  the  Arctic  circle,  and 
perhaps  not  much  even  there.' 

Sometimes  impossible  currents  are  invoked  from  unknown  regions, 
to  perform  tasks  that  are  plainly  beyond  them.  So  long  as  the  earth 
has  revolved  on  its  present  axis,  and  the  great  continents  of  its 
surface  have  occupied  their  present  position,  so  long,  it  would  seem, 
must  the  general  system  of  aerial  and  ocean  currents  have  been  the 
same.  Our  belief  in  the  general  similarity  of  conditions  in  these 
respects  during  the  Glacial  period,  and  at  present,  is  confirmed  by 
the  fact — admitted  by  Dr.  Geikie — that  alike  in  Europe,  Asia,  and 
America,  the  areas  of  maximum  precipitation  during  the  Glacial 
period  corresponded  to  the  areas  of  maximum  precipitation  still. 
"The  former  distribution  of  snow  and  ice  was  in  strict  accord  with 
existing  conditions :  .  .  .  .  there  can  be  no  doubt  that  the  conditions 

1  See  **  Great  Ice  Age,'*  pp.  323-325,  421  and  422.    Also  "  Fragments  of  Earth 
Lore,"  pp.  319-321. 
^  *  **  On  Geological  Climate,"  Trans.  Gaol.  Soc.  Glasgow,  ,vol.  y. 
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of  Glacial  times  bore  an  intimate  relation  to  those  that  now  obtain  "' 
("  Great  Ice  Age,"  p.  777).  We  cannot  see,  then,  how  it  could 
possibly  be  otlierwise  than  that  elevation  and  colder  conditions, 
submergence  and  warmer  conditions,  mnst  have  gone  together. 
This  cardinal  principle,  we  submit,  should  be  borne  in  mind  in  tbe 
construction  of  any  scheme  of  events  for  the  Glacial  period. 

Now,  from  this  point  of  view,  we  can  make  nothing  of  Dr.  Greikie*8 
"  succession  of  events "  during  that  period ;  the  physical  changes 
and  climatal  conditions  set  forth  seem  to  be  utterly  disconnected, 
and  indeed  at  variance  with  each  other.  Thus,  to  take  a  few 
instances,  we  read — 

"The- climate  certainly  must  have  become  cold  and  ungenial  as 
the  depression  continued"  (p.  312). 

''Scotland  submerged  ....  The  climate  had  deteriorated"  (t&tU). 

"The  land  gained  on  the  sea  until  the  latter  had  retreated  con- 
siderably beyond  its  present  limits.  The  climate  at  the  same  time 
became  more  genial "  (p.  313). 

"  Submergence  next  ensued,  the  climate  at  the  same  time  passing 
from  temperate  to  Arctic  "  (p.  323). 

''He-elevation  of  the  land,  or  retreat  of  the  sea,  and  a  gradual 
amelioration  of  climate"  (p.  325). 

"Submergence  once  more  ensued  ....  and  the  climate  at  tbe 
same  time  became  colder"  (ibid,). 

From  these  and  other  passages  which  might  be  quoted  it  would 
seem  that  the  author  regards  elevation  as  somehow  productive  of 
more  genial  conditions,  and  submergence  as  associated  with  colder 
and  more  severe  conditions  of  climate. 

We  hold  the  opposite  view  so  strongly  that  when  shells  of 
distinctly  Arctic  species  are  found  (as  in  some  instances  they  have 
been)  at  a  considerable  elevation,  that  very  circumstance,  to  our 
mind,  casts  *'  ominous  conjecture  "  on  their  being  really  in  place. 

We  may  remark,  in  closing,  that  these  numerous  distinct  Glacial 
periods,  accompanied  by  repeated  depressions  and  re-elevations,  are 
not  borne  out  by  the  observations  of  geologists  in  other  countries. 
Unless  cause  be  shown  to  the  contrary,  the  probability  surely  is  that 
the  conditions  prevailing  here  during  the  Ice  Age  were  similar  to 
those  prevailing  in  other  parts  of  the  Northern  hemisphere.  We  have 
alre€uly  quoted  Dr.  Geikie  to  the  e£fect  that  "  no  evidence  of  marine 
action  has  been  detected  in  the  formation  of  the  stony  clays  "  whioli 
cover  "the  low  grounds  of  Northern  Europe"  ("Great  Ice  Age," 
pp.  432-3).  "  Nowhere  do  German  geologists  find  any  evidence  of 
marine  action  " — that  is,  in  the  Boulder-clay.  The  overlying  so-called 
"inter-Glacial"  deposits  within  the  Baltic  area,  as  a  rule  only 
attain  a  very  moderate  elevation  (pp.  448-50).  In  Sweden,  two 
Boulder-clays  are  recognized,  a  lower  and  an  upper ;  but  Toruebobm 
says  they  have  "  both  been  formed  in  the  same  way,  and  are  true 
moraineB  de  fond,  and  that  in  the  interval  between  them,  marked  by 
a  partial  retreat  of  the  ice,  "the  land  was  not  submerged."  In 
short,  "  the  majority  of  geologists  on  the  Continent  believe  that  there 
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have  been  only  two  Olacial  epochs,  separated  by  an  inter-Olacial 
epoch  of  more  genial  conditions"  (pp.  446-6). 

This  corresponds  very  well  with  the  results  arrived  at  generally 
by  the  American  geologists :  they  recognize  three  stages — tlie  early 
Glacial  epoch,  characterized  by  ice-accumulation  to  its  maximum 
extent ;  the  middle  Olacial  epoch,  or  that  of  the  first  retreat  of  the 
ice ;  and  the  later  Glacial  epoch,  or  that  of  the  final  retreat  (Dana ; 
see  also  Chamberlin,  in  "  Great  Ice  Age,"  p.  773). 

But  some  prefer  to  regard  the  whole  as  really  one  epoch,  though 
varying  from  time  to  time  in  intensity  and  local  extent. 

While  not  unaware  of  local  difficulties,  we  respectfully  submit 
that  Dr.  (^ikie*s  complicated  system  of  so  many  Glacial  and  inter- 
Glacial  periods,  and  so  many  submergences  c^nd  re-emergences,  from 
oOO  or  600  feet  downwards — with  their  varying  and  apparently 
inscrutable  effects  upon  climate — tends  on  the  whole  to  increase 
these  difficulties,  and  should  therefore  be  **  reformed  altogether." 


Y. — A  Note  on  the  Torbay  Hatsbd  Beaches  and  on  the  Detaohrd 
Blocks  tkawled  in  the  English  Channel. 

By  A.  R.  Hunt,  M.A. 

IN  Professor  Prestwich's  important  paper  on  the  Raised  Beaches 
of  the  South  of  England  ^  the  following  passage  occurs :  "  In 
Torbay  there  are  small  portions  of  a  Raised  Beach  near  Paignton. . . ." 
As  on  the  strength  of  this  statement  the  line  of  Raised  Beaches  is 
carried  in  the  map  round  the  extreme  present  limits  of  Torbay,  and 
the  hitherto  universally  accepted  doctrine,  that  Raised  Beaches  do 
not  occur  in  the  softer  parts  of  the  coast-line,  is  thus  controverted, 
the  assertion  is  one  of  considerable  im()ortauce. 

In  my  own  paper  on  the  Raised  Beaches  I  wrote,  in  1888* — "The 
stage  of  the  erosion  indicated  by  the  Northern  Torbay  Raised  Beaches 
is  that  when  the  east  and  west  coast-line  had  not  passed  the  line  of 
Torbay,  and  Torbay  itself  was  but  in  an  early  stage  of  formation." 
A  Raised  Beach  at  Paignton  would  subvert  this  conclusion,  and 
the  numerous  facts  on  which  it  was  based. 

Desirous  as  I  necessarily  was  to  investigate  the  reputed  Paignton 
beach.  Professor  Prestwich  in  the  most  generous  way  offered  me 
every  facility.  The  authorities  relied  on  were  Messrs.  Pengelly  and 
Ussher.  As  it  happened,  Messrs.  Pengelly  and  Ussher,  and  myself, 
had  all  written  independent  papers  on  the  few  hundred  yards  of 
coast  in  question ;  so  there  was  no  lack  of  literature  to  fall  back  on. 

My  first  impression  was  that  Mr.  Pengelly  might  have  described 
as  a  beach  an  eroded  bed  of  conglomerate  very  like  a  Raised  Beach 
in  the  sandstone  of  Roundham  Head,  which  bed  he  used  to  point  to 
as  an  instance  of  contemporaneous  erosion  of  Triassic  age.  and 
possibly  a  Raised  Beach,  though  one  in  no  way  connected  with  the 
Quaternary  beaches.  This  deposit,  however,  does  not  seem  to  be 
noticed  in  any  of  his  papers.     Referring  the  question  to  Mr.  Ussher, 

^  Quart.  Journ.  Geol.  Soc,  vol.  xlviii,  p.  279. 
'  Trans.  Deyon  Assoc,  toI.  xx,  p.  250. 
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he  remintled  me  of  a  gravel  be<I  between  Fai^ton 
dexcribed  in  his  paper  mentioned  above,  wherein  Mr.  Ui 
"We  have  in  the  alluvial  deposita  of  the  Goodringtoa 
flnlR,  and  in  tbe  blown  aandi  extending  from  Bount] 
the  north  part  of  Preaton  Sarids,  and  in  the  preient  ee 
latest  evidences  of  Fleistooene  depuaition.  Of  tbeae  thi 
the  gravels  near  the  gasworks  are  probably  tUe  oldes 
these  events  transpired  within  that  most  I'ecent  pnrt  of  t 
period  wliioh  aucceeded  the  formation  and  elevatic 
bfacbea  of  Hope's  Noee  and  other  plaoea."  *  We  sc 
Mr.  Uaaber  here  knows  of  no  "old  beach"  at  Fai| 
anliject  t>eing  "The  Geology  of  Paignton,"  he  goes  tc 
for  an  example  of  such  deposits.  Mr.  Pengelly,  writin 
the  same  locality,  observes — "  A  glance  at  the  existin 
foot  of  ihe  cliff,  a  study  of  the  Raised  Beaches  almost  i 
(ilalios  mine).  The  Raised  Beaches  "almost  in  sig 
those  al  Hope's  Nose  and  Brixham ;  the  one  obscur 
by  Daddy  Hole  Point,  the  other  nearly  five  miles 
the  bay. 

Mr.  Pengelly  clearly,  though  writing  of  Paignto 
Qeology,  knew  of  no  Raised  Beach  tbere.  It  mnji 
a<!cepted  as  a  fact  that  no  Raised  Beach  at  Paignton  ha 
to  any  local  geologist.  But  as  both  Mr.  Pengelly  ai 
spoke  of  Raiiteil  Beaches  in  connection  with  the  geolog 
a  reader  might  easily  remain  under  the  impressioi 
Beaches  occurred  in  the  immediate  neighbourhood.  "  E 
in  sight "  might  very  well  be  round  the  next  headland 
nearent  being  three  miles  distant. 

A  Raised  Beach  at  Paignlon  would  snap  a  very  pi 
set  of  chains,  of  evidence,  reconstruoting  the  ancit 
There  is  an  immenae  amount  of  work  atill  awailing 
in  the  sands  and  pebbles  of  tbe  ancient  beaches.  Nev 
struck  by  geological  pviiience  than  I  was  by  two  pebbles 
one  absolutely  iiidistinguishahle  in  form  from  tlie  sp 
of  Chesil;  tbe  other  a  characteristic  igneous  rock  fn 
mouth  conglomeratea,  found,  I  believe,  nowhere  else, 
must  have  travelled  across  the  mouth  of  Torbay,  alx 
s»  alwve  the  level  of  present  higli-water.  Such  a 
volumes  I  By  no  possibility  could  these  pebbles  1 
round  such  a  bay  as  Torbay  ia  now.  These  stones  a 
forbid  the  possibility  of  a  Raised  Beach  at  Paignton,  a 
conteniporaneouB  with  the  rest 

In  Professor  Prestwich's  paper  referred  to,  the 
mentioning  my  work  in  the  kindest  manner,  cites  me  c 
ill  favour  of  the  view  that  blocks  trawled  in  the  En 
wore  ice-borne,  e.g.,  "Mr.  Hunt  dismisses  the  hypothet 
land-ice,  owing  to  the  absence  of  similar  blocks  betv 
and  the  sea,  and  concludes  that  they  were  brought  thi 
1  Trans.  DeTOD  Asaoc.,  tdI.  i,  p.  203. 
*  Loc.  cic,  p,  200. 
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ice."  *  This  is  not  qnife  so.  I  wrote  as  follows :  "If,  on  the  other 
hand,  they  [the  blooks]  were  brought  by  floating  ioe  from  distant 
regions,  it  remains  to  be  explained  why  they  should  be  found 
collected  together  in  a  limited  area  of  the  English  Channel."  I 
meant  that  no  such  explanation  was  forthcoming;  and  continued 
subsequently — "Hie  stone  itself  may  be  considered  primd  facie 
evidence  that  the  large  detached  stones  in  the  sea  off  Salcombe  are 
really  granite,  and  that  the  ground  on  which  they  lie  is  granite  too."' 
This  was  in  1879.  Many  varieties  have  occurred  in  addition  to 
granite  since  then.  My  very  last  words  on  these  stones,  in  1889, 
were — "  However,  it  is  clearly  impossible  to  prove  that  some  of 
them  may  not  have  been  ice-bonie.  Let  those  who  maintain  that 
theory  show  canse  for  their  belief."'  The  evidence  is  strangely 
conflicting.  About  seven  years  ago  I  was  staggered  by  a  suggestion 
which  reached  me  from  an  influential  quarter  that  it  might  be 
doubtful  whether  there  was  anything  further  to  be  written  on  the 
subject  of  the  detached  blocks  trawled  in  the  English  Channel. 
As  a  matter  of  fact,  the  necessary  work  is  no  more  than  commenced  ; 
and  there  is  no  prospect  of  it  ever  being  resumed.^  Let  me  dwell 
for  a  moment  on  one  single  point — Let  us  assume  that  the  crystalline 
blocks  are  ice-bome :  we  are  at  once  confronted  with  the  fact  that 
they  occur  in  an  area  of  sands  and  gravels  partly  derived  from 
crystalline  rocks,  which  sands  and  gravels  are  certainly  not  ice- 
borne.  In  such  an  inquiry  it  is  not  safe  to  take  anything  for 
granted.  It  seemed  sate  to  assume,  as  was  assumed,  that  the 
Channel  granites  were  connected  with  Dartmoor;  whereas  they 
have  proved  themselves  perfectly  distinct.  So,  before  taking  for 
granted  a  connection  between  the  Channel  blocks  and  the  Sussex 
boulders,  it  will  be  necessary  to  compare  them  in  detail,  and 
minutely.  It  will  also  be  necessary  to  do  the  same  by  the  Channel 
crystalline  gravels,  to  ascertain  whether  they  are  related  to  England 
or  to  France ;  to  both,  or  to  neither.  The  coming  man  should  have 
his  steam  yacht,  enthusiasm,  patience,  the  acuteness  of  a  Sherlock 
Holmes,  be  a  good  practical  micro- petrologist,  and  prepared  to  follow 
where  the  clue  leads  instead  of  where  he  thinks  it  ought  to  lead. 
Before  the  days  of  the  microscope  and  steam,  analogous  work  was 
done  by  such  men  as  Mr.  Gcdwin-Austen,  and  it  is  to  their  suc- 
cessors we  must  look  in  the  future.  To  any  such  worker  Professor 
Prestwich's  paper  must  prove  of  the  greatest  value,  suggesting  as  it 
does  innumerable  subjects  for  detailed  research,  as  well  as  problems 
to  be  solved  and  theories  to  be  tested. - 

'  Quart.  Jonm.  Geol.  Soc.,  vol.  xlriii,  p.  297. 

•  Trans.  Devon  Assoc.,  vol.  xi,  p.  316.  '  Ihid.^  vol.  xxi,  p.  485. 

*  The  difficulty  lies  in  interesting  the  fishermen  sutticiently  to  preserve  hand 
specimens,  and  to  take  notes  as  to  bearings.  I  was  fortunate  enough  to  interest 
a  most  intelligent  and  trustworthy  crew,  on  whom  I  could  place  all  reliance,  and 
whose  zeal  was  stimulated  by  hall-a-crown  for  each  large  block,  of  which  a  frag- 
n:ent  was  preserved  and  wHose  position  was  ascertained.  Their  vessel  changed 
hands  lon^  since,  and  her  crew  was  dispersed.  Thanks  to  my  friend  Professor 
Hughes  aU  their  carefully  collected  specimens  are  preserve  in  the  AVoodwardian 
Huaeom. 
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In  conclnsion,  I  may  refer  to  a  paper  read  by  my  esteemed  ool- 
leagne,  Mr.  D.  Pidgeon,  to  the  Geolo^cal  Society  in  1890,  in  which, 
on  the  evidence  of  the  shells  and  beach  materials  sent  to  him,  he 
disputed  the  genuineness  of  the  Raised  Beaches  of  Hope*8  Nose  and 
the  Thatcher  Rock.^  Mr.  Pidgeon,  with  his  accustomed  keen  eje 
for  important  detail,  has  pointed  out  certain  very  significant  facts 
previously  imnotioed,  and  still  unexplained ;  but  the  proof  of  the 
genuineness  of  the  beaches  lies  in  evidence  qnite  independent  of 
the  minute  structure  of  the  beach-material,  organic  or  inoiganiCi 
Had  my  friend  been  able  to  visit  the  beaches,  I  feel  assured  be 
would  never  have  questioned  their  genuineness ;  and  think  it  highly 
probable  he  would  have  found  some  very  satisfactory  explanation  for 
the  angularity  of  certain  of  the  inorganic,  and  for  the  fractured 
state  of  certain  of  the  organic,  components  of  the  deposits  in  questioiL 
During  the  many  years  over  which  my  own  investigations  extended, 
I  never  gave  these  two  points  a  thought;  and  since  Mr.  Pidgeon's 
paper  was  published  have  not  set  foot  on  the  Tljatcher  Bock. 


VI. — The  Viscous  Flow  of  Glacibb-Icc 
By  R.  M.  Dbbley,  F.G.S. 

ALTHOUGH,  ever  since  the  classical  researches  of  J.  D.  Forbes 
on  the  phenomena  presented  by  the  Swiss  glaciers  were 
published,  it  has  been  recognized  that  glacier-ice  behaves  like  a 
viscous  liquid,  and  flows  from  high  to  low  levels  much  in  the  same 
way  as  does  a  river  of  water,  it  is  apparent  that  many  who  have 
interested  themselves  in  the  subject  of  glacier- flow,  and  bare 
written  rather  dogmatically  on  the  subject,  have  not  clearly  realized 
the  nature  of  the  phenomenon.  Very  contradictory  and  erroneona 
conclusions  have  consequently  been  arrived  at,  with  the  result  tlmt 
it  is  now  somewhat  difficult  for  those  who  have  not  made  a  special 
study  of  the  subject  to  distinguish  what  may  be  fairly  regarded  as 
ascertained  fact  from  that  which  is  purely  matter  of  opinion. 

I  will,  therefore,  venture  to  state  as  clearly  as  possible  the  laws 
of  viscous  flow  (as  I  understand  them)  as  deduced  from  experiment, 
and  then  inquire  to  what  extent  the  motion  of  a  glacier  approximates 
to  the  conditions  of  such  flow. 

Our  knowledge   of  the   subject  is  by  no   means  due  to  recent 
discovery.     The  viscous  flow  of  liquids — and  glacier-ice  behaves  «is 
a  very  viscous  liquid — was  worked  out  by  Poiseuille  and  Coulomb. 
Later,  we  have  Helmholtz,  O.  E.  Meyer,  Graham,  Clerk  Maxwell, 
and  Osborne  Reynolds.     The  discoveries  of  these  workers  are  quite 
sufficient  to  enable  us  to  work  out  the  more  important  phenomena 
presented  by  glacier-flow  from  first  principles.     Indeed,  bad  sotmd 
physical  theory   been  adhered  to  by  all    writers  on  the  subject  of 
glacier  erosion  and   transport,   the    mistakes  so   many  have   fallen 
into   might  have  been  avoided.     Fortunately  such  investigators  as 
Prof.  James  Geikie  have  been  able  to  keep  the  balance  of  opinion 
from  inclining  in  the  wrong  direction. 

*  Quart.  Joom.  Geol.  Soc,  vol.  xlvi,  p.  438. 
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In  treatinp^  of  viscosity  we  are  at  the  outset  met  by  a  verbal 
difBonlty.  Visoosity  and  plasticity  have  both  been  used  to  denote 
the  same  physical  property.  Some  writers  speak  of  ice  and  pitch 
as  being  plastic  as  well  as  viscous.  It  is  better,  however,  to  follow 
Maxwell,^  who  defines  a  viscous  body  as  one  which  undergoes  con- 
tinuous change  of  form  under  stresses,  however  small.  All  viscous 
substances  are  on  this  view  true  liquids.  A  plastic  substance,  on  the 
other  hand,  only  undergoes  continuous  change  of  form  when  the 
stress  exceeds  a  certain  value.  When  the  stress  required  to  cause 
continuous  distortion  is  small,  the  substance  is  called  a  noft  solid. 
Until  this  limiting  stress  is  reached  the  substance  is  elastic,  and  the 
stress  at  which  what  is  known  as  perfect  elasticity  ceases  to  be 
obtained,  and  the  substance  undergoes  permanent  deformation,  is 
called  the  limit  of  perfect  elasticity. 

We  must  also  recognize  that  there  are  hard  solids.  In  them,  when 
the  stress  exceeds  the  limit  of  perfect  elasticity,  the  substance  begins 
to  yield  more  or  less  steadily  as  the  stress  increases.  In  some  cases 
after  this  limit  is  reached  the  solid  suffers  a  sudden  permanent 
elongation.  It  afterwards  regains  its  strength,  and  then  only  yields 
further  with  increasing  stress. 

The  point  at  which  the  material  gives  way  is  called  the  yield 
point,  and  as  it  coincides  very  nearly  with  the  limit  of  perfect 
elasticity,  and  is  easily  detected,  it  is  now  always  noted  by  practical 
engineers.  But  the  distortion  of  a  hard  solid  is  not  produced  under 
the  conditions  which  give  rise  to  viscous  flow.  Indeed,  the  action 
of  the  stress  often  appears  to  produce  an  allotropic  change  in  the 
material.  The  whole  subject  is  a  most  difHcult  one,  and  has  by  no 
means  been  completely  worked  out.  There  is  no  real  boundary 
separating  a  hard  from  a  soft  solid.  The  soft  solid  under  a  suffi- 
ciently great  stress  yields  much  as  a  viscous  fluid  does ;  whilst  the 
hard  solid  often  fractures,  and  definite  shear  planes  or  faults  are 
formed. 

The  difference  between  plasticity  and  viscosity  is  one  of 
fundamental  importance  to  the  engineer,  for  as  long  as  the 
stress  put  upon  a  foundation  does  not  exceed  the  yield  point 
the  structure  raised  upon  it  is  permanently  stable.  It  is  quite 
otherwise  with  a  viscous  material.  No  possible  foundation  can 
be  stable  upon  such  a  substance  unless  it  be  made  to  float  like 
a  ship  upon  water;  for,  however  large  the  area  upon  which  the 
stress  acts,  the  foundation  will  yield  continuously. 

With  increase  of  temperature  the  yield  point  and  limit  of  perfect 
elasticity  grow  smaller  and  smaller  in  many  instances ;  and  a  soft 
solid  or  plastic  material  may,  with  rise  of  temperaturCi  become 
a  viscous  liquid. 

By  many  the  difference  between  the  plastic  and  viscous  condition 
is  not  properly  appreciated.  We  have  our  softer  rocks  spoken  of 
as  though  they  were  viscous,  and  various  theories  of  soil-cap  motion 
propounded  to  explain  phenomena  resulting  from  other  agencies. 


1  (( 


Theory  of  Heat,"  1894  edition,  p.  303. 
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When  saturated  with  water  many  sands,  days,  and  loams  do  become 
very  plastic,  and  flow  almost  like  viscous  fluids.  Excellent  instanoei 
of  such  flow  may  be  seen  at  the  base  of  the  Cromer  clififs. 

We  must  regard  the  solid  crust  of  our  earth  as  being  hard,  truly 
plastic,  or  plastic  under  great  pressure,  not  vibcous.  £xoept  as  the 
result  of  denudation,  or  from  the  action  of  internal  forces,  wbidi 
occasionally  bring  the  stresses  above  the  limit  of  perfect  elastidtj, 
our  mountain  ranges  are  stable  and  not  tending  to  level  up  as  they 
would  do  if  composed  of  even  a  much  more  viscous  substance  thaa 
pitch.  To  quote  Maxwell,^  "  A  tallow  candle  is  much  softer  than 
a  stick  of  sealing-wax ;  but  if  the  candle  and  the  stick  of  sealing* 
wax  are  laid  horizontally  between  two  supports  the  sealing-wax 
will  in  a  few  weeks  in  summer  bend  with  its  own  weight,  while 
the  candle  remains  straight  llie  candle  is,  therefore,  a  soft  solid, 
and  the  sealing-wax  a  very  viscous  liquid." 

The  term  viscosity,  however,  has  been  used  to  indicate  a  property 
of  solids  of  quite  another  kind,  lliat  it  should  have  been  used  in 
such  a  way  is  unfortunate,  for  the  property  known  as  so/td  viscositjf 
18  quite  different  from  that  of  a  liquid.  To  make  this  quite  dear 
the  phenomenon  presented  by  a  solid  substance  under  the  action  of 
a  stress  will  be  considered  before  treating  in  detail  the  conditions 
of  liquid  flow. 


Tlie  space  between  two  planes,  Fig.  1,  one  of  which  FT  is  free 
and  the  other  X  X  fixed,  we  will  regard  as  being  occupied  by  a  solid 
substance.  Under  a  given  stresR,  acting  along  the  plane  IT  in  the 
direction  of  the  arrow,  the  solid  undergoes  an  elastic  shear  equal, 
we  will  say,  to  the  displacement  of  Bi  to  A^.  But,  the  stress 
remaining  constant,  it  will  be  found  that  with  the  lapse  of  time 
this  displacement  slowly  increases  in  amount,  especially  if  the  solid 
be  set  in  vibration,  and  only  reaches  a  maximum  after  a  very 
considerable  interval  has  elapsed.  On  removing  the  stress  the  plane 
returns  at  once  to  almost  its  original  position.  But  the  last  traces 
of  distoHion  only  disappear  after  the  lapse  of  many  hours.  In(lee<l, 
in  many  instances  the  original  configuration  is  never  regained,  ibe 
behaviour  of  the  material  as  it  were  depending  upon  its  previous 
history. 

We  will  now  consider  the  conditions  of  flow  of  a  thin  stratum 
of  a  viscous  liquid  placed  between  the  planes  XX  and  FT,  the 

^  *'  Theory  ol  Ueai;'  U^4  edition,  p.  303. 
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upper  one  of  which  is  moving  at  a  uniform  Rpeed  in  the  direction 
of  the  arrow.  Observation  shows  that  in  such  a  case,  owing  to  the 
resistance  offered  by  the  liquid  to  shear,  the  stress  is  transmitted 
from  layer  to  layev  of  the  liquid,  .and  each  portion  of  the  fluid 
moves  at  a  velocity  which  increases  uniformly  as  we  recede  from 
XX  and  approach  TY,  Of  course  the  motion  of  the  fluid  is 
regarded  as  having,  reached  a  steady  state ;  inertia-effects  con- 
sequently do  not  show  themselves.  Hence  the  particles  originally 
forming  the  lines  Bi  Ci  in  the  figure  after  a  certain  interval  of  time 
have  positions  on  the  lines  AiC^,  As  these  lines  are  on  the  same 
base  and  between  the  same  parallels,  the  inclosed  space  retains  its 
original  area.  Distortion  only  has  been  produced,  each  horizontal 
layer  having  moved  over  the  one  below  it.  It  must  be  clearly 
understood  that  to  produce  these  conditions  of  motion  the  stress 
must  not  act  with  equal  force  on  each  particle  of  the  fluid,  but 
solely  along  the  plane  YY,  and  be  transmitted  from  particle  to 
particle  owing  to  the  viscosity  of  the  fluid. 

With  a  solid  between  the  surfaces,  if  the  planes  be  relatively 
fixed  whilst  the  material  is  under  stress,  the  stress  persists.  On  the 
other  hand,  in  the  case  of  a  liquid  the  stresses  very  soon  die  away. 
The  time  required  for  this  to  take  place,  Maxwell  called  the  ''time 
of  relaxation.*'  For  highly  viscous  liquids  it  may  be  measured  by 
hours,  or  even  days;  for  ordinary  liquids  a  fraction  of  a  second 
suffices ;  whilst  for  a  gas  such  as  air,  Maxwell  estimated  the  stress 
as  lasting  about  the  fifty-thousand  millionth  of  a  second. 

The  force  R  required  to  produce  such  continuous  relative  motion 
is  a  shearing  stress,  and  it  is  measured  by  the  stress  per  unit  area 
of  either  of  the  planes,  in  which  a  is  the  length  and  b  is  the 
breadth  of  the  area  over  which  the  force  acts;  and  we  may  write 

R  =  Fab    .         .         .         (1) 

In  Fig.  I  we  have  a  mass  of  liquid  Bi  C„  Bi  C^  for  our  purpose 
being  regarded  as  free  from  the  action  of  gravity,  occupying  the 
space  between  two  horizontal  parallel  planes,  XX  and  YY.  The 
plane  YY  is  moving  under  the  action  of  a  force,  R,  Let  the 
distance  between  the  planes  be  denoted  by  Tq  and  the  speed  at 
which  the  plane  FZ  is  moving  by  Fj.  Then  the  rate  of  distortion 
may  be  written — 

y 

-11         ....         (2) 

Making  s  the  velocity  of  any  plane,  at  the  distance  r  from  YY 
we  have 

•      ^1 


fo-'T  ♦•o 


(3) 


which  expresses  the  fact  that  the  rate  of  distortion  is  uniform  across 
the  section. 

To  maintain  this  rate  of  distortion  a  shearing  stress  jP,  acting 
parallel  with  the  planes,  is  required,  llie  ratio  of  this  force  to  the 
rate  of  distortion,  the  temperature  and  pressure  being  unaltered^  \«k 
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a  constant  for  each  particular  liquid.      It  is  denoted  by  /t>  and 
is  called  the  coefficient  of  viscosity.     We  may  consequently  make 


and 


F^fi  — 


,  =  F^ 


'     (4) 


•     (5) 


It  will  be  seen  that  as  long  as  V^  and  r^  retain  the  same  relative 
proportions,  i,e.  as  long  as  the  rate  of  distortion  is  unaltere*!, 
the  shearing  stress  F  has  the  same  value  at  all  planes  parallel  to 
XX  and   YY. 

In  these  illustrations  no  slip  at  the  boundaries  has  been  regarded 
as  taking  placed  In  the  case  of  such  fluids  as  have  had  their 
viscosities  determined  by  their  rate  of  flow  through  capillary  tubea, 
slipping  at  the  boundaries,  if  it  took  place  at  all,  must  have  been 
less  than  a  thousandth  of  the  mean  flow,  although  the  tangential 
force  at  the  boundary  was  as  much  as  6  lbs.  per  square  foot  at  a 
speed  of  1  *23  feet  per  second.  Considering  that  the  skin-resistanoe 
of  a  steamer  going  at  25  knots  is  not  6  lbs.  per  square  foot,  it  is 
clear  that  slipping  at  the  boundaries  does  not  take  place  in  pi-actice, 
unless  in  very  exceptional  cases.     The  resistance  to  slipping  at  the 

Fio.  2. 


boundaries  is  in  most  cases  probably  greater  than  is  the  resistance 
to  local  shear  of  the  liquid  itself.  In  the  case  of  ice  tlie  conditions 
are  usually  very  different.  Below  the  freezing  point  the  ice  may 
adhere  to  the  boundary  walls,  and  under  such  circumstances  there  is 
no  slipping.  But  above  the  freezing  point  ice  is  always  separated 
from  other  substances  by  a  film  of  water,  and  as  the  viscosity  of 
water  is  very  much  less  than  that  of  ice,  slipping  at  the  boundary 
readily  takes  place.  Two  surfaces  of  ice  under  the  same  conditions 
cohere  strongly.  This  makes  it  impossible  under  such  conditions 
for  one  portion  of  ice  to  flow  over  another  portion  resting  in  a 
hollow  without  imparting  motion  to  it,  for  regelation  takes  place 
and  the  stresses  are  transmitted  by  the  viscous  resistance.    It  is 

*  **  Dynamical  Theory  of  Incompressible  Fluids,'*  by  Osborne  Reynolds,  Phil- 
Trans.  1895,  p.  123. 
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qnite  possible  that  the  coefficient  of  viscosity  fi  is  not  a  constant  for 
glacier-ice,  as  such  ice  varies  much  in  structure  at  different  points, 
and  its  viscosity  appears  to  be  rather  a  molar  than  a  molecular 
phenomenon.  At  present  we  do  not  appear  to  have  any  complete 
theory  of  viscosity ;  consequently  it  would  be  premature  to  declare 
that  glacier-ice  is  not  truly  viscous.  Before  we  can  safely  go  so  far 
we  must  be  able  to  show  that  the  same  theory  will  not  apply,  for 
example,  to  both  ice  and  water. 

In  Fig.  1  we  have  regarded  the  flow  as  resulting  from  the  action 
of  a  stress  applied  at  a  plane  suiface  parallel  to  the  direction  of 
flow,  the  viscosity  of  the  fluid  setting  in  motion  the  whole  mass  in 
such  a  way  that  the  rate  of  distortion  is  everywhere  the  same. 

In  Fig.  2  the  viscous  liquid  is  supposed  to  be  flowing  over 
a  plane  surface  under  the  action  of  a  uniform  pressure  acting  upon 
a  surface  at  right  angles  to  the  direction  of  flow.  Here  in  place 
of  a  force  F  acting  on  unit  area  of  F  F  parallel  to  the  direction  of 
motion,  we  have  a  pressure  P,  acting  on  unit  area  of  the  surface 
h  r^  normal  to  the  direction  of  flow.  This  may  be  due  either  to 
the  pressure  of  a  liquid  column,  or  it  may  be  regarded  as  the  effect 
of  gravity  acting  with  an  equal  force  on  each  particle  of  the  liquid, 
the  lower  plane  being  inclined  so  as  to  give  uniform  conditions  of 
flow  between  the  parallel  planes  XX  and  YY.  In  either  case  the 
nature  of  the  flow  is  the  same. 

At  the  bounding  plane  X  X  the  whole  pressure  on  6  r^  is  acting 
to  distort  the  liquid,  and  the  rate  of  distortion 

is  the  same  as  before  for  the  same  total  force  acting  on  the  liquid. 
However,  at  any  given  distance  r  from  the  surface  F  F  the 
shearing  stress  is  obviously  proportional  to  the  ai-ea  acted  on  by 
the  pressure,  divided  by  the   length  of  the  line  over  which  the 

h  r 

shearing  stress  acts,  i.e.  to  -r-    or  simply  to  r. 


AB 


In  Fig.  3,  B  C=  r,  and  -^-tj  =  rate  of  distortion  at  the  point  C; 

A  S 

-jT-p^  is,  therefore,  proportional  to  B  C. 
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Bnt  by  drawing  CD,  (7|D|  perpendioalar  to  CA,  CiA^  we  btva 
by  similar  triangles 

Bc  ^  BD     "      '      '      •   yp) 

B  C 
therefore  ^  jy  is  proportional  to  B  0,  and  B  D  most  be  a  constant, 

which  is  a  characteristic  property  of  the  parabola.  Hence  the 
curve  Ci  CEi  is  a  parabola  whose  axis  is  FF. 

»So  we  find  that  when  a  viscous  substance  is  flowing  under  the 
action  of  gravity,  or  is  pnipelled  by  a  presnure  uniformly  distributed 
over  a  section  normal  to  the  direction  of  flow,  the  shearing  stress  is 
always  greatest  at  the  boundary.  This  is  so  even  when  the  moving 
mass  passes  over  a  hollow  with  gently  sloping  sides.  In  Fig.  2  we 
inay  suppose  that  we  are  dealing  with  the  flow  of  a  very  broad 
glacier  moving  down  an  incline.  Every  particle  of  it  is  being 
urged  along  in  the  direction  of  the  inclination  of  the  upper  surface 
with  a  force  depending  upon  the  mean  Blo|>e  of  the  surface  area 
immediately  al)Ove  it.  The  slope  of  the  surface  npon  which  it  rests 
is  only  of  secondary  importance.  The  motive  power  wliolly  re^ulti 
from  the  inclirijition  of  the  upper  surface.  If  it  were  doe  to  the  slope 
of  the  lower  Hurface  a  mass  of  ice  in  a  basin-shaped  hollow  woold 
form  a  vortex  ring,  and  wo  Khould  have  a  cane  of  perpetual  motion. 
Indeed,  we  intiHt  regard  a  glacier  as  moving  just  as  a  river  don 
when  the  slope  ih  very  small  (insufficient  to  make  sinuous  motion 
take  thu  place  of  direct  motion),  but  owing  to  its  greater  viscosity  as 
moving  at  a  much  slower  speed. 

At  each  cross-section  the  volume  passing  must  be  the  same,  pro- 
vided no  ice  is  melte<l  at  tho  surfaces.  Where  the  ice  is  thickest  the 
slope  of  the  upper  surface  is  least,  and  where  thinnest  the  slope  is 
greatest.  That  this  is  so  can  be  seen  from  the  simple  equations 
ai>plioablc  where  inertia  does  not  influence  the  result. 

Writing  B  as  the  total  force  on  the  liquid  we  have,  Fig.  2, 

B=  Pr^b  .         .         .         .     (7) 

At  the  bounding  plane  XX,  and  making  P  the  pressure  on  nnit 
area,  we  have  from  equations  (I)  and  (4) 

Y 
R=     fiab  -1-    .         .         .     (8) 

fiab 

Making  V  the  maximum  velocity,  as  the  curve  of  distortion  is 
a  parabola,  we  have  F  =  J  F„  and  from  (9)  and  (7) 

F=  -H^-V        •         •        .     (10) 

P'^sL      .     .     .  (11) 
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Also  the  volame  Vi  swept  through  by  any  cross-seotion  in  unit  of  time 

=   4   Vhr^ 


3 

2  Pr^ 


8  2a 


hr. 


(12) 


3  a  /t 

So  the  volame  passed  is  directly  proportional  to  the  pressure  P,  and 
to  the  cube  of  the  thickness  r^  in  the  case  of  the  central  portion  of 
a  very  wide  glacier. 

If  the  bed  be  semicircular  we  obtain  in  a  similar  way 


TT         Pr* 


F,  =    _.  ^     .         .         .     (13) 

No  account  is  taken  of  the  volume  passed  owing  to  slipping  at 
the  boundary.  It,  however,  is  only  a  fraction  of  that  passed  owing 
to  the  viscosity  of  the  ice. 

Experiments  employed  to  ascertain  the  conditions  of  motion  of 
existing  glaciers  have  proved  that  velocity  curves  drawn  across  the 
glacier  are  parabolas,  distorted  somewhat  where  the  ice-river  is 
caused  to  make  a  bend,  much  in  the  same  way  as  are  the  curves 
illustrating  the  flow  of  a  river  by  tlio  momentum  of  the  water. 

Above  Montanvert  the  Mer-de-Glace  is  fractured  across  at  one 
point,  and  into  the  crevasses  so  formed  the  surface  moraine  falls 
and  forms  imbedded  strings  of  stone  and  mud.  Lower  down  tlie 
melting  of  the  ice  at  the  surface  again  exposes  the  debris.  But 
instead  of  running  as  straight  lines  across  the  glacier,  the  lines  of 
debris  sweep  across  as  great  parabolic  curves  having  their  apices 
pointing  down-stream.  No  finer  illustration  of  the  fact  that  glacier- 
flow  is  a  strictly  viscous  phenomenon  could  be  conceived  than  is 
bere  presented.  Proofs  have  also  been  given  that  a  glacier  moves 
more  rapidly  at  the  surface  than  it  does  at  the  bottom. 

We  also  find  that  the  rate  of  distortion  at  the  bounding  surface, 
where  it  rests  upon  rock,  is  greater  than  at  any  other  point,  and 
that  there  the  abrading  action  is  most  energetic.  Indeed,  at  the 
bottom  of  a  hollow  which  might  form  the  bed  of  a  lake,  even  if 
the  motion  of  the  ice  be  slow,  the  pressure  is  very  great,  the  ice 
going  down  into  it  at  one  end  and  rising  from  it  at  the  other. 
Even  at  the  bottom  of  such  a  hollow  the  maximum  rate  of  distortion 
is  located  and  a  powerful  grinding  action  maintained. 

Throughout  its  course  a  glacier  is  urged  along,  not  by  a  pressure 
from  above  but  by  gravity  acting  upon  each  molecule  of  ice  during 
its  whole  course  from  the  cold  snow-fields  above  to  the  point  where 
it  melts  in  the  warm  valley  below.  No  doubt  thrust  does  play  some 
part  in  the  movement,  just  as  does  the  momentum  of  the  water  in 
the  flow  of  a  river ;  but  it  is  quite  a  subordinate  feature  and  only 
produces  local  effects. 

I  am  much  indebted  to  Mr.  C.  E.  WolflF,  B.Sc,  for  the  assistance 
he  has  rendered  in  the  mathematical  treatment  of  the  ^ub^^oL 
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VII. — On  the  Pitch  Lake  of  Trinidad.^ 
By  S.  F.  Pbckham. 

AFTER  a  recent  visit  to  Trinidad  I  am  led  to  add  my  tesiimonj 
to  that  of  the  numerous  observers,  who  for  more  than  a 
hundred  years  have  written  concernin)2^  this  remarkable  phenomenon. 

The  earliest  account  of  a  visit  to  Trinidad,  aooessible  to  English 
readers,  was  published  m  the  Transactions  of  the  fioyal  Society  of 
London  in  1789,  by  Alexander  Anderson.^  He  describes  Point 
La  Brea  as  a  promontory  fifty  feet  high  jutting  into  the  Gulf 
of  Paria.  Ascending  to  the  lake  he  describes  it  as  three  miles 
in  circumference,  divided  into  ''areola"  resembling  those  upon 
a  turtle's  back,  the  surface  of  each  being  "  horizontal  and  smooth." 
He  was  there  in  the  rainy  season,  and  concluded .  that  evaporation 
on  the  clear  afternoons  i-emoved  the  torrents  of  water  that  fell  daring 
other  parts  of  the  day,  as  there  was  no  other  outlet  He  further 
states  that  the  soil  around  La  Brea  consists  of  cinders  and  bamt 
eaith,  being  evidently  the  product  of  subterranean  fires,  as  there 
were  hot  springs  in  the  neighlK>uring  woods. 

The  next  visitor  is  Dr.  Nicholas  Nugent,  who  published  an 
account  of  a  visit  made  in  October,  1807.^  He  landed  on  the 
south  side  of  La  Brea  Point,  which  he  describes  as  consisting  of 
a  bhiflf  of  porcelain  jasper,  "  generally  of  a  red  colour."  Ascending 
to  the  lake  he  perceived  a  strong  sulphurous  and  pitchy  smell,  like 
that  of  burning  coal,  and  soon  after  had  a  view  of  the  lake,  which 
at  first  sight  appeared  to  be  an  expanse  of  still  water,  frequently 
interrupted  by  clumps  of  trees  and  shrubs,  but  on  a  nearer  approach 
it  was  fou6d  to  be  a  plain  of  mineral  pitch  with  frequent  crevices 
filled  with  water.  "  The  surface  of  the  lake  was  not  polished 
or  smooth  so  as  to  be  slippery ;  the  consistence  was  such  as  to  bear 
any  weight*  and  it  was  not  adhesive ;  though  it  partially  received 
the  impression  of  the  foot,  it  bore  us  without  any  tremulous  motion 
whatever,  and  several  head  of  cattle  were  browsing  on  it  in  perfect 
security.  The  interstices  or  chasms  are  very  numerous,  and,  being 
filled  with  water,  present  the  only  obstacle  to  walking  over  the 
surface.  The  arrangement  of  the  chasms  is  very  singular :  the  sides 
are  invariably  shelving  from  the  surface,  so  as  to  nearly  meet  at  the 
bottom,  but  there  they  bulge  out  towards  each  other  with  a  con* 
siderable  degree  of  convexity.  These  crevices  are  known  occasionally 
to  close  up  entirely,  and  we  saw  many  marks  or  seams  from  this 
cause.  The  lake  contains  many  isleta  covered  with  long  grass  and 
shrubs.  It  is  not  easy  to  state  precisely  the  extent  of  this  great 
collection  of  pitch ;  the  line  between  it  and  the  neighbouring  soil 
is  not  always  well  defined.  The  main  body  may  perhaps  be  estimated 
at  three  miles  in  circumference;  the  depth  cannot  be  ascertained, and 
no  subjacent  rock  or  soil  can  be  discovered.  The  negro  houses  in 
the  vicinage,  built  by  driving  posts  into  the  earth,  frequently  are 

^  From  the  Amer.  Joum.  Sci. — Third  Series,  vol.  L,  No.  295,  July  1895. 

'  Philosophical  TransactionB,  Ixxix,  65,  1789. 

•  Transactions  of  the  Geological  Society  of  London,  i,  63,  1811. 
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twisted  or  sunk  on  one  aide.  Tn  many  places  it  seems  to  hnvQ 
actually  overflowed  like  lava,  and  presents  llie  wrinkled  appearance 
w}iich  &  sluggish  Bubstanoe  would  exhibit  in  motion.  In  some  parts 
it  ia  black,  with  a  splintery  or  conchoidal  fracture;  in  other  parls 
so  much  softer,  aa  to  allc«r  one  to  out  oat  a  piece  ia  any  form  with 
a  spade  or  hatohet,  and  in  the  interior  it  is  vesicular  or  oily ;  this 
is  the  character  of  by  far  the  greater  portion  of  the  whole  mas* : 
ill  one  place  it  bubbles  up  in  a  perfectly  fluid  slate,  bo  that  you  may 
take  it  up  in  a  cup." 

"  In  the  south-eastera  part  of  the  island  there  is  a  similar  oolleotion 
of  thie  bitumen,  though  of  less  extent,  and  many  small  detaolied  spots 
of  it  are  to  be  met  with  in  the  woods ;  it  is  even  said  that  an  evident 
line  of  communioation  may  thus  be  traced  between  the  two  great 
reoeptaoles." 

Dr.  Nugent  devotes  considerable  space  to  a  disousaion  of  the  geology 
and  origin  of  the  bitumen.  As  his  opinions  are  based  on  theories 
no  longer  aooeptod  by  geologists,  I  will  only  remark  en  pa»$ant  that 
he  associates  the  mod  volcanoes  of  Cedros  Point  with  the  agenoieB 
that  have  been  active  in  bringing  the  bitumen  to  the  surface. 

The  next  notioe  that  appeared  was  written  in  September,  1632, 
by  CapL  J.  E.  Alexander,  42nd  Kayal  Highlanders.'  He  says :  "  At 
the  small  hamlet  of  La  Braye  a  considerable  extent  of  ooast  is 
covered  with  the  pitch,  which  runs  a  long  way  out  to  sea,  and  forma 
a  bank  under  the  water.  The  Pitch  Lake  is  situated  on  the  side 
nf  a  hill ;  a  gradnal  ascent  leads  to  it,  which  is  covered  with  pitch 
in  a  hardened  state,  and  trees  and  vegetation  flourish  upon  iL  The 
pitch  at  the  sides  of  the  lake  is  perfectly  hard  and  cold,  but  as  one 
walks  off  towards  the  middle  with  shoes  off,  in  order  to  wade 
through  the  water,  the  heat  gradually  increases,  the  pitch  becomes 
softer  and  softer,  until  at  last  it  is  seen  boiling  up  in  a  liquid  state, 
and  the  aolea  of  the  feet  become  offensively  warm.  During  the 
rainy  season  it  is  possible  to  walk  over  the  whole  lake,  nearly,  but 
in  the  hot  season  a  greater  part  is  not  to  bo  approached.  The  lake 
is  about  a  mile  and  one-half  in  circumference;  and  not  the  least 
extraordinary  circumstance  is,  that  it  should  ooutain  eight  or  ten 
small  islands,  on  which  trees  are  growing  close  to  the  boiling  pitch. 
In  standing  for  some  tirao  on  the  lake  near  the  center,  the  surface 
gradually  sinks  until  it  forms  a  great  bowl,  as  it  were ;  and  when 
the  shonlderB  are  level  with  the  general  aurfaoe  of  the  lake,  it  is 
high  time  to  get  out  The  flow  of  pitch  from  the  lake  has  beeo 
immense,  the  whole  country  round,  except  near  the  Bay  of  Guapo, 
being  covered  with  it;  and  it  seems  singular  that  no  eruption  has 
taken  plaoe  within  the  memory  of  man,  although  the  prineipls 
of  motion  still  exists  in  the  center  of  the  lake." 

Speaking  of  Point  Cedros,  he  says:  "What  renders  this  point 
so  interesting  to  the  stranger  is  an  assemblage  of  mud  volcanoes, 
of  which  the  largest  may  be  about  one  hundred  and  fifty  feet 
in  diameter.  At  times  the  old  craters  cease  to  act,  but  when  that 
,  337.     New  Edinburgh  Fhiloa. 
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is  the  case  new  ones  invariably  appear  in  the  Tioinity.  The  mnd 
is  fathomless,  yet  does  not  overflow,  but  remains  within  the  cir- 
cumference of  the  crater.  From  what  I  recollect  of  the  CrimeSr 
I  should  say  that  there  is  a  remarkable  similarity  between  it  and 
Trinidad — geologically  speaking:  in  both  there  are  mud  volcanoes, 
in  both  Ihere  are  bituminous  lakes,  and  both  have  been  frequently 
visited  with  earthquakes." 

The  next  observer  was  Mr.  N.  S.  Manross,  who  visited  the  lake 
in  1855,  and  has  been  widely  quoted.  He  says :  "  The  village  of 
La  firea  stands  on  a  projecting  tongue  of  land  which  owes  its 
preservation  from  the  inroads  of  the  sea  to  the  fact  that  it  consists 
entirely  of  hardened  pitch,  which  withstands  the  waves  far  better 
than  the  loose  materials  of  the  accompanying  formations.  The  shore 
for  miles,  both  north  and  south,  consists  mainly  of  the  same  material, 
and  juts  boldly  out  into  the  pea  wherever  it  is  thus  pitch-bonnd. 
A  road  leads  up  from  the  landing  to  some  sugar  estates  beyond  the 
lake.  It  ascends  a  gentle  slope  of  hardened  pitch,  which,  where  left 
to  itself,  is  covered  with  a  dense  growth  of  reeds  and  bushes.  The 
road  itself  is  a  fine  illustration  of  the  adaptation  of  pitch  to  the 
purpose  of  paving.  Where  too  much  mixed  with  earth  it  has  become 
pulverized  to  a  depth  of  a  few  inches,  but  in  many  places  it  is  still 
so  pure  and  solid  that  the  wheels  of  heavily  loaded  sugar  wagons 
and  the  hoofs  of  horses  make  but  a  slight,  and  even  that  a  transient, 
impression.  In  no  part  of  the  ascent  to  the  shore  of  the  lake 
does  the  stream  of  pitch  appear  to  be  covered  by  more  than  one 
or  two  feet  of  soil,  while  in  most  places  it  is  entirely  bare.  In 
places  where  the  surface  is  not  protected  by  vegetation  it  becomes 
so  far  softened  by  the  sun  as  to  be  still  making  progress  downward. 
**  On  Hearing  the  lake  the  ascent  becomes  steeper.  Here  the  pitch 
is  bare,  or  but  slightly  covered  with  grass.  Its  appearance  is  not 
that  of  a  sudden  simultaneous  overflow  in  a  single  smooth  stream, 
but  that  of  a  great  number  of  streams  each  but  a  few  yards  or 
rods  in  breadth.  Their  surfaces  are  dmwn  out  into  all  manner 
of  contortions,  and  where  the  edges  meet,  small  ridges  have  been 
thrown  up  and  the  pitch  broken  into  fragments  not  unlike  the 
BcorifiB  of  lava  currents.  These  fragments  of  pitch  were  on  fire 
in  several  places,  having  been  kindled  by  a  fire  that  ran  through  the 
*  bush '  a  few  weeks  before." 

**0n  ascending  the  last  slope  of  this  pitchy  glacier  a  singular 
scene  meets  the  eye.  A  black  and  circular  plain  of  pitch  one-half 
mile  in  diameter  lies  flush  with  the  edge  of  the  stream.  It  is 
surrounded  by  a  dense  wall  of  forest,  in  which  various  species  of  tall 
palm  are  most  conspicuous.  The  lake  itself  is  entirely  bare  of 
vegetation,  except  about  twenty  small  clumps  of  trees  which  are 
arranged  in  a  sort  of  broken  circle  about  one-half  way  from  the 
center  to  the  circumference." 

"  The  entire  surface  of  this  circular  plain  is  seen  to  be  interspersed 
network  of  water  channels.  Its  appearance  is  exactly  that 
tbled  paper.  The  pitch  is  divided  into  flat  or  slightly  convex 
\gBfmj  polygonal  but  sometimes  circular.     They  vary  from 
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one  to  eight  rods  in  diameter.  The  intervening  spaces  are  full  of 
water.  These  channels  (or  spaoes)  have  heretofore  been  described 
as  crevices  or  cracks  in  the  pitch.  This  description,  however,  is 
incorrect,  for  the  material,  though  apparently  almost  as  hard 
as  stone,  is  yet  far  too  plastic  to  admit  of  anything  like  a  fissure 
remaining  open  in  it  The  channels  are  produced  and  maintained 
by  the  following  singular  process.  Each  of  the  many  areas  into 
which  the  lake  is  divided  possesses  an  independent  revolving 
motion  in  this  wise :  at  the  center  of  the  area  the  pitch  is  constantly 
rising  up,  not  breaking  out  in  streams,  but  rising  en  masse.  It 
is  thus  constantly  displacing  that  which  previously  occupied  the 
center,  and  forcing  it  towards  the  circumference.  The  surface 
becomes  covered  with  concentric  wrinkles  and  the  interior  structure 
somewhat  laminated.  When  the  edge  of  such  an  expanding  area 
meets  that  of  the  adjoining  one  the  pitch  rolls  under,  to  be  thrown 
up  again  at  the  center  at  some  future  period.  The  material  is  nearly 
Soft  enough  to  meet  and  form  a  close  joint  at  the  top,  but  descends 
with  a  rounded  edge  and  at  a  considerable  angle.  The  conclusion, 
then,  to  which  a  close  observation  leads  us  in  regard  to  the  present 
condition  of  this  singular  lake  is,  not  that  it  has  suddenly  cooled 
down  from  a  boiling  state,  as  heretofore  described,  but  that,  as  the 
material  is,  it  is  still  boiling,  although  with  an  infinitely  slow  motion. 
As  the  descent  of  the  glacier  may  be  considered  the  slowest  instance 
of  flowing  in  nature,  so  the  revolutions  of  the  scarcely  less  solid 
bitumen  of  this  lake  may  be  set  down  as  the  slowest  example 
of  ebullition." 

"Towards  the  center  of  the  lake  several  detached  areas  are  met 
with,  the  surfaces  of  which  yield  under  the  foot.  On  standing 
ten  or  fifteen  minutes  one  may  find  himself  ankle  deep.  A  person 
standing  long  enough  would  undoubtedly  sink  and  perhaps  disappear 
in  it ;  but  in  no  place  was  it  possible  to  form  those  bowl-like  de- 
pressions around  the  observer  as  described  by  former  travellers." 

"The  water  which  filled  the  crevices  of  the  pitch  is  clear  and 
very  pure.  It  is  the  favourite  resort  of  all  the  washerwomen  for 
miles  around.  As  the  water  is  flowing  now,  the  pitch  has  formerly 
flowed  from  the  lake  in  all  directions.  The  entire  surface  covered 
by  it  is  estimated  at  3000  acres.  The  pores  of  the  pitch  are  full 
of  water,  which  oozes  out  on  the  slightest  pressure,  and  by  moistening 
the  skin  prevents  adhesion.  Streams  of  gas  issue,  sometimes  rising 
through  the  water,  but  more  frequently  from  small  openings  in  the 
pitch  above  water-level." 

*•  In  one  of  the  star-shaped  pools  of  water,  a  column  of  pitch 
had  been  forced  up  from  the  bottom,  expanding  into  a  sort  of 
center-table  about  four  feet  in  diameter.  Pieces  torn  from  the 
edge  of  this  table  sank  readily,  showing  that  it  had  been  raised  by 
pressure  and  not  by  buoyancy." 

"  About  a  mile  and  one-half  south  of  the  lake  I  observed  numerous 
beds  of  indurated  clay  filled  with  the  remains  of  leaves  and  vege- 
tation. A  little  further  on  appears  a  bed  of  brown  coal  and  lignite, 
about  twelve  feet  thick.    It  has  such  a  dip  and  direction  that,  if 
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eiMitibO'XU,  It  woold  pMt  under  the  Uke  at  m  great  de|A.  At  dho^ 
•  m iU  to  tk«  nf/rth'Wetl  o(  the  Uke  another  bed  of  brown  eo^l  cn|if 
oot  'ify/o  the  »bore.  It  is  about  twentj  feci  thick.  Tnm  tka 
inxurrtsoot  of  auch  oonaiderable  aocomoladcMia  of  Tcgctmble  —1111, 
ao  uiiWkttd  aa  apfiarently  to  paM  under  the  lake,  it  aeeaa  rrMianhlu 
to  rtffi^Mrd  tliem  aa  the  aoaroe  of  the  pitchj  matter.  Indeed,  »uj 
pM;'^^  of  wood  may  be  obM;rve«l  in  the  beda  of  brown  oonl,  whick 
diflWr  in  no  reapect  in  their  appearance  from  manj  of  the  pieeei 
thrown  up  in  the  Uke  itaelf.** 

Mr.  5fiinroM  *  ia  oompletelj  at  aea  in  his  points  of  the  fuinimi 

TIte  ol/fienrationt  upon  which  the  deacriptiona  of  thia  lake,  fnm 
which  I  have  made  careful  abstracts,  were  based,  were  made  fion 
forty  to  one  handr«fd  and  sixty  years  ago.  I  have  been  ahle  to 
▼erify  them  in  almost  every  particular,  and  these  deacriptioiit 
elearl  V  t>ortray  the  appearance  and  condition  of  the  lake  at  the 
Umo  1  viiited  it  in  March,  1895.  In  addition  to  these  deacripUons, 
oilier  oliservatious  quite  different  in  character  and  purpose  have 
been  made  concerning  the  island  of  Trinidad,  and  incidentally  of 
ilia  Pitch  I^ake,  during  the  last  thirty-five  years.  In  1860  Messn. 
Wall  and  Sawkins  published  quite  an  extended  report  upon  the 
geology  of  Trinidad,  including  observations  upon  the  ocoonenoe  of 
bitumen  throughout  the  island.* 

Dr.  Nugent  remarked  in  the  article  above  quoted:  **and  it  muet 
be  remembered  that  geological  enquiries  are  not  condacted  bera 
with  that  facility  with  which  they  are  in  some  other  parts  of  the 
world  ;  tlio  Boil  is  almost  universally  covered  with  the  thickest  and 
moHt  luxuriant  vegetation,  and  the  stranger  is  soon  exhausted  and 
ovon'onui  by  the  scorching  rays  of  the  vertical  sun."'  These 
obNervfitions  exactly  express  tlie  conditions  under  which  these 
gtjntlonien  performed  their  undertaking.  It  is,  therefore,  not  sur- 
priHing  that  errors  should  have  been  found  in  their  conclusions 
an<1  (Hirrected  by  later  observers. 

Mr.  J.  K.  Lechmero  Guppy,  in  1892,  thus  stated  the  conclusions 
that  he  had  reached  in  reference  to  Trinidad  Geology*:  — 

*•  It  appears  from  the  evidence  derived  from  the  nature  of  the 
Naparima  rocks,  their  fossil  contents,  and  the  movements  which 

»  Aniorioan  Journal  of  Science,  part  ii,  vol.  xx,  p.  153,  1855. 

■  ltf|M)rt  on  tho  (JtM)loKy  of  Tnnidad,  hy  order  of  the  Lords  Commi»ioners  of 
Jh»r  Miijiwty'i*  Tn^anury,  Loudon,  1800. 

'  L(n\  ri/.,  p.  70. 

*  UuHrt.  Journ.  Oool.  Soc.  1892,  vol.  xlviii,  pp.  519-536.  Ibid.,  vol.  ixii, 
57!  :  •*•''..  vol.  xxiv,  p.  II  ;  lAif/..  vol.  xxvi,  p.  413;  ibid.,  vol.  xl\-iii,  p.  221. 

Tho  **  NiiimrimH  rockj**'  consist  of  an  antidical  that,  abutting  in  a  bluff  near 
Han  Fcrnau«(o,  on  tho  (iulf  of  Paria,  extends  acnx^s  the  itsland  lumost  to  the  east 
riMist.  Thoy  also  appear  on  the  mainland  of  Venezuela  near  the  Bav  of  Comtiu. 
The  lowiytt  strata  an»  ('ivtuctHUis.  and  are  called,  toj^tther  with  the  )^ocene  above 
tiiom.  tho  **  Older  Parian.'*  The  " Newer  Parian"  above  is  Miocene,  and  contain 
hinut«'(*  wnd  bitumen,     llert*  orbitoides  and  uuromulites  are  found  in  a  mass  of  n^rk 

etijivtiux  into  the  OuU  of  l*aria,  supinvstnl  to  be  Miocene.  In  the  Western 
«»wi»plu»n»  orbitoidw  art*  supinweil  to  characterize  the  Eocene.  In  the  Eastern 
B<»nu«pheT«>  nummulites  art*  characteristic  of  the  same  formation.  The  depoat 
ttMt  h«re  iHrntiuus  them  both  lies  between  other  Miocene  deposits. 
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"have  effected  them  and  other  formations  of  Trinidad,  that  during 
the  Cretaceous  and  Eocene  periods  there  was  a  sea  having  a  con- 
siderable but  variable  depth  of  water,  say  up  to  one  thousand 
fathoms  and  more.  It  is  probable  that  this  sea  extended  on  the 
north  to  the  base  of  the  northern  range  of  hills,  a  distance  of 
some  twenty  or  twenty-five  miles  from  the  northern  limit  of  the 
Naparima  deposits.  During  the  Cretaceo-Eocene  period  the  northern 
mountains  probably  formed  an  unbroken  chain  with  the  littoral 
Cordillera  of  Venezuela.  This  chain  may  be  called  the  *  Parian 
Kange.'  According  to  abundantly  clear  evidence  given  by  me  in 
1877,*  the  great  chasms  between  Trinidad  and  Venezuela  called 
the  Bocas  del  Drago  were  produced  by  subsidence.  Previous  to 
this  the  'Parian  Range'  probably  formed  the  southern  boundary 
of  the  Caribbean  continent,  and  was  a  barrier  through  which  no 
large  river  found  its  way.  The  '  Parian  Range '  may  be  regarded 
as  one  of  those  'stable  areas'  which  has  never  been  submerged 
since  Palaeozoic  times." 

**  To  the  westward  the  Cretaceo-Eocene  sea  probably  extended  as 
far  as  the  present  low-lying  alluvial  plains  of  Venezuela.  In  this 
direction  it  was  no  doubt  bounded  by  the  high  lands  now  forming 
the  Pico  de  Cumanacoa  and  the  Cerro  del  Bergantin,  ranges  at 
present  twice  as  high  as  any  in  Trinidad.  Its  southern  extension 
went  presumably  near  to  the  granitic  and  gneissic  ranges  and 
plateaux  of  Guiana." 

**  After  the  close  of  the  Miocene  period  there  was  probably  in  the 
region  south  of  the  'Parian  Range'  a  slow  and  gradual  upheaval 
which  brought  the  oceanic  deposits  above  the  level  of  the  sea,  during 
which  process  they  suffered  great  denudation.  The  Gulf  of  Paria 
vras  then  land,  and  Trinidad  was  then  united  to  the  mainland.  At 
that  time  the  river  Guarapiche  probably  flowed  across  Trinidad  from 
Venezuela,  while  the  Orinoco  continued  to  pour  its  waters  into  the 
ocean  at  some  distance  southward.  The  disruption  of  the  *  Parian 
Hange'  and  the  formation  of  the  Bocas  and  the  Gulf  of  Paria 
followed.  There  are  palaBontological  reasons  for  believing  that 
this  submergence  did  not  take  place  until  a  late  geological  epoch." 
From  this  conclusion  it  is  manifest  that  the  Miocene  period  was 
one  of  frequent  alternation  of  elevation  and  submergence,  during 
which  there  were  long  periods  when  the  different  members  of  the 
formation  were  covered  with  tropical  swamps  having  luxuriant 
vegetation,  that  are  now  represented  by  the  great  swamp  at  the 
east  end  of  the  island.  The  buried  vegetation  of  these  swamps  has 
been  converted  into  coal  through  Pliocene  and  recent  times,  which 
has  been  distilled  at  low  temperatures,  probably  initiated  by  fer- 
mentation within  the  mass  of  the  coal  itself,  assisted  by  the  water  of 
thermal  springs. 

Messrs.    Wall  and   Sawkins   discuss   at  length   the   phenomena 

peculiar  to  the  lake,  and  disagree  with  previous  observers  to  such 

an  extent  that,  after  a  careful  examination  of  their  paper,  I  am 

forced    to   the    conclusion    that   their   study  of  the    subject    was 

*  Proc.  Sd.  Assoc.  Trinidad,  December  1877,  p.  1C3. 
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extremely  snper6cia1.  In  illustration:  tbey  tay  of  the  "■reat,'*^ 
"  the  aurfaoe  is  frequently  marked  with  ridges,  especially  near  the 
ed(;es:  these  are  due  to  the  constant  expansion  and  oontracdon 
which  is  supposed  to  occur."  A  tuost  singular  explanation,  resting 
on  supposed  phenomena  that  were  neither  observed  nor  proved 
theoretically.  Although  they  quote  Bischoff,'  it  is  only  to  profe 
a  possible  origin  for  the  asphaltum  by  direct  conversion  from  woody 
fibre,  leaving  entirely  out  of  consideration  the  oondusions  of  this 
eminent  author  in  reference  to  the  production  of  hydrogen  sulphide, 
to  which  further  reference  will  be  made.  It  is,  however,  just  to 
these  authors  to  remark  that  the  general  knowledge  of  the  world 
oonceming  bitumens  and  their  origin  has  been  vastly  increased 
during  tlie  thirty-five  years  that  have  elapsed  sinoe  they  issoed 
their  report. 


Diagram-map  of  the  Island  of  Trinidad. 

Charles  Kingsley  and  some  others  have  written  descriptions  of 
the  luke  since  1860,  but  no  new  facts  are  stated  by  them.' 

During  1892  the  Hon.  W.  P.  Pierce,  then  United  States  Consul  at 
Port  of  Spain,  at  the  request  of  the  department,  made  a  very  full 
an«l  able  report  upon  the  asphalt  of  Trinidad.'  The  fulness  with 
which  all  sources  of  information  are  made  to  lend  their  quota 
towards  a  general  conclusion  in  regard  to  all  possible  as|>ect8  of 
this  ([ue.stion,  is  of  itself  the  best  guarantee,  to  any  unprejudiced 
reader,  of  the  eminent  fairness  of  this  report.  Its  appearance  was 
almost  immediately  followed  by  another  report  made  by  Mr.  Clifford 
Kichardson,  at  that  time  Inspector  of  Asphalt  and  Cement  for  the 
District  of  Columbia.* 

»  BisohufiP.  Chem.  and  Phjs.  Geol.  (Cnv.  Soc.  Ed.),  vol.  i,  pp.  288,  290,  291. 
»  *'  A  Christmiia  in  the  West  Indies."     London,  1879. 
'  CousuJar  Reports,  No.  145,  Oct.  1892. 

*  KeportR   of  the    operation   of  the   Enpineor  Department  of  the    I)ibtrii.i  o! 
Columbia,  lor  the  ftacal  ^oar  eudiix^  Ixme  aoth,  1892.    Woshingtou,  1893. 
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This  report  of  Mr.  Richardson,  while  seemiDgly  emanating  from 
t&  wholly  disinterested  source,  presents  statements  and  conclusions  in 
many  respects  quite  different  from  those  reached  hy  Consul  Pierce 
and  previous  observers.  It  was  for  the  purpose  of  satisfying  myself 
as  to  the  facts,  and  also  of  studying  the  occurrence  of  bitumen  in 
Trinidad  in  the  light  of  such  observations  as  I  had  made  in  Cali- 
fornia and  elsewhere,  tbat  I  lately  made  a  trip  to  Trinidad  and  the 
Pitch  Lake. 

On  approaching  Point  La  Brea  from  the  north-west,  the  reef  of 
asphaltum  that  forms  a  barrier  around  the  point  and  against  the  sea 
is  plaihly  visible.  Upon  the  point  itself  and  jutting  into  the  sea  are 
what  appear  like  low  ledges  of  rock,  which  a  nearer  inspection 
proved  to  be  masses  of  asphalt  taken  from  village  lots,  that  had 
been  piled  for  shipment,  but  had  been  so  long  left  in  the  tropical 
sun  that  they  had  melted  and  flowed  into  a  solid  homogeneous  mass, 
that  looked  at  a  short  distance  off  like  ledges  of  slate.    The  piles, 
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which  were  originally  about  twenty-five  feet  in  height,  were  not 
more  than  three  feet  thick.  Near  these  masses  were  other  piles  of 
the  same  material,  from  which  lighters  were  being  loaded,  and 
which  had  not  remained  in  the  sun  long  enough  to  melt.  Many 
hundreds  of  tons  were  included  in  these  masses,  the  original  pieces 
of  which  had  so  far  coalesced  that  tlie  asphalt  had  to  be  again  broken 
with  a  pick  before  removal.  Passing  on  shore  beyond  these  piles, 
the  plant  of  the  Pitch-lake  Concessionaires  was  encountered,  in 
which  the  operation  of  boiling  a  mixture  of  so-called  land  asphalt, 
the  ordinary  lake  asphalt,  and  the  soft  pitch  from  the  centre  of  the 
lake  was  going  forward.  The  operation  is  conducted  in  kettles, 
resembling  open  sugar  kettles,  and  is  very  crude  and  simple  in 
character.  Passing  eastward  I  next  encountered  a  wide  area 
covered  with  asphalt,  that  had  melted  in  the  sun  to  a  level  surface, 
perhaps  two  feet  in  depth.  I  was  told  that  this  asphalt  was  dug 
from  a  village  lot,  the  ownership  of  which  was  in  dispute ;  that 
originally  the  piles  were  at  least  twenty  feet  in  height,  but  while 
the  owners  disputed  the  piles  melted  in  the  sun. 
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Farther  on  I  struck  the  road  to  the  lake,  which  appeared  to  me 
exactly  as  Mr.  Manross  had  descrihed  it  forty  years  ago.  The 
houses  in  the  village  were  in  the  same  condition  described  by 
Dr.  Nugent  in  1807.  The  slope  leading  up  to  the  lake  was  in 
exactly  the  condition  in  which  all  previous  observers  had  described 
it,  as  resembling  a  lava-flow — a  black  glacier.  The  several  points 
at  which  asphalt  had  been  and  was  being  excavated,  showed  in  the 
most  admirable  manner  that  the  movement  of  the  asphalt  down  the 
slope  and  towards  the  sea  is  still  in  progress.  Every  excavation 
was  in  a  short  time  partially  refilled  by  a  movement  oi  the  asphalt 
np  from  the  bottom  and  in  from  the  sides,  the  cavity  in  time 
becoming  filled  full  to  the  level  of  the  surrounding  area.  One 
illustration  of  this  fact  was  the  spot  from  which  the  noted  cargo 
of  the  Teneriflfe  was  taken,  every  trace  of  former  excavation  having 
completely  disappeared.^ 

The  Trinidad  Bituminous  Asphalt  Company  were  excavating  a  lot 
near  the  road,  and  had  also  recently  uncovered  a  lot  that  had  become 
almost  completely  refilled  in  a  few  months,  after  the  removal  of 
several  thousand  tons  of  asphalt.  Farther  up  the  slope  the  Trinidad 
Asphalt  Company  were  taking  out  asphalt  from  lots  on  the  Belle 
Yue  estate.  These  lots,  like  most  of  the  others,  were  covered  with 
a  dense  tropical  jungle,  consisting  of  palms,  sedges,  canna,  and 
other  plants,  from  three  to  ten  feet  in  height.  It  did  not  need  the 
testimony  of  Mr.  Manross  to  show  that  in  all  probability  fire  had 
more  than  once  consumed  this  mass  of  vegetation,  producing  a 
terrific  heat,  that  had  melted  and  converted  into  so-called  "  iron- 
j>itch "  much  of  the  surface  of  the  pitch.  The  *•  iron-pitch "  is 
present  in  greater  or  less  quantity,  both  within  and  without  the 
boundaries  of  the  lake,  wherever  fire  has  consumed  the  vegetation, 
and  consists  simply  of  melted  pitch  which  has  been  heated  so  hot 
as  to  deprive  it  of  its  water  and  more  volatile  constituents,  causing 
it  to  flow  in  streams,  often  to  considerable  distances.  Below  these 
melted  masses  the  pitch  lies  in  its  normal  and  unaltered  condition. 

It  must,  however,  be  constantly  borne  in  mind,  while  reading 
the  statements  of  different  observers  made  on  different  occasions, 
that  the  lake  and  its  principal  overflow  have  presented  different 
phenomena  at  different  periods.  While  it  was  evident  at  the  time 
I  visited  the  overflow  that  fire  had  swept  over  its  surface,  it  was 
equally  evident  that  it  had  for  a  long  time  been  free  from  any  snch 
visitation.  I  have  seen  similar  flood-plains  of  asphalt  in  California 
that  had  been  on  fire  for  months,  and  others  that  had  been  bume<l 
some  time  previous  to  my  visit  to  them.  I  can  imagine  that  after 
such  a  fire  the  resemblance  of  the  overflow  of  the  lake  to  a  **  black 
glacier"  would  be  much  more  pronounced  than  when  covered  with 
a  rank  growth  of  vegetation,  as  it  now  is.  It  is  not,  however,  the 
surface  that  flows,  covered  as  it  is  by  masses  of  coke,  iron-pitch, 
vegetation,  and  rubbish.     The  houses  in  La  Brea  now  all  rest  on 

*  I  was  told  by  those  who  li^-itncssod  the  dig^inj^  of  this  cargo,  that  apparently  no 
care  was  exercised  in  its  selection.  One  gentleman  declared  that  it  was  the  dirtiest 
cargo  of  pitch  ever  sent  from  the  island. 
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blocks.  In  {his  position  they  are  much  more  stable  than  on  posts, 
although  anything  resting  upon  the  overflow  is  unstable.  It  is  the 
cheese-pitch,  full  of  water,  and  containing  more  or  less  gas,  buried 
beneath  these  surface  accidents,  that  has  flowed  and  still  flows. 

Although  a  large  amount  of  clay  and  vegetable  d6bris  fills  the 
interstitial  spaces  of  the  rough  surface  of  the  asphalt,  the  vegetation 
is  not  confined  to  such  surfaces,  but  seems  to  flourish  equally  well 
upon  the  bare  pitch,  the  roots  penetrating  the  pitch  without  the 
slightest  difi&culty,  except  where  it  had  been  converted  by  melting 
into  iron-pitch.  There  is  also  considerable  coke  where  the  fires 
have  been  hottest.  All  of  these  impurities  are  carefully  excluded 
from  the  pitch  that  is  mined,  both  for  boiling  and  for  shipment 
in  the  crude  state,  by  all  of  the  men  employed  by  the  different 
Companies  in  extracting  it.  This  selection  is  not  difficult,  as  the 
appearance  of  the  iron-pitch  is  very  different,  and  the  amount  very 
smally  as  compared  with  the  pure  or  cheese-pitch. 

{To  be  continued  in  our  next  Number.) 
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I. — ^Th«  Cretaceous  Series  of  the  Upper  Missouri  ;    and  the 
Chalk  of  North  America  and  its  Forahinifbra. 

SEVERAL  interesting  and  instructive  reports  are  published  in  the 
Iowa  Geological  Survey,  vol.  iii.  Second  Annual  Report,  1893, 
with  accompanying  papers :  501  pages,  with  numerous  maps,  plates, 
cuts,  and  photographs.  Large  8vo,  Des  Moines,  1895.  There  are  : 
1.  Cretaceous  deposits  of  the  Sioux  Valley;  by  H.  F.  Bain.  2. 
Certain  Devonian  and  Carboniferous  outliers  in  Eastern  Iowa  ;  by 
W.  H.  Norton.  3.  Geological  section  along  Middle  River  in  Central 
Iowa ;  by  J.  L.  Tilton.  4.  Glacial  scorings  in  Iowa ;  by  C.  R. 
Keyes.  5.  Thickness  of  the  Palseozoio  strata  of  North-eastern 
Iowa;  by  VV.  H.  Norton.  6.  Composition  of  the  Iowa  Chalk;  by 
S.  Calvin.  7.  Buried  River-channels  in  South-eastern  Iowa;  by 
C.  H.  Gordon.  8.  Gypsum  deposits  of  Iowa ;  by  C.  R.  Keyes. 
9.  Geology  of  Lee  County ;  by  C.  R.  Keyes.  10.  Geology  of  Des 
Moines  County  ;   by  C.  R.  Keyes. 

I.  At  pages  101-114  Mr.  Hain  details  the  features  and  measure- 
ments of  the  Cretaceous  series  as  seen  along  the  Sioux  River,  a 
tributary  of  the  Upper  Missouri,  forming  the  northern  third  of  the 
western  boundary  of  Iowa.  Beneath  a  thick  coating  of  drift  and 
loess,  he  notes  the  occurrence  (downwards)  of — (1)  the  Pierre  shale; 
(2)  Niobrara  chalks  and  soft  limestone  (locally  unconformable  on  the 
Sioux  quartzite) ;  (3)  Benton  shale;  and  (4)  Dakota  sandstones  and 
shales.  These  formations  vary  in  their  thicknesses  over  this  part 
of  America ;  and  here  are  apparently  some  300  or  400  feet  thick. 
They  correspond  with  the  description  given  of  this  and  neighbouring 
districts  by  Meek  and  Hay  den  (1853-1873),  except  that  the  top- 
most part  of  the  series,  namely,  that  of  the  Fox  Uills  (sandstones 
and  arenaceous  shales),  is  not  shown  on  the  Sioux  River.  Mr.  Bain 
points  out   that  the  recognized   eastward  extension  of  the  upper 
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members  of  the  group  renders  it  probable  that  the  Mesozoio  seas 
spread  further  eastward  than  has  hitherto  been  comraonlj  supposed. 

II.  At  pages  211-236  Dr.  Samuel  Calvin,  State  Geologist,  shows 
that  the  old  idea  of  the  geological  structure  of  North  America 
being  destitute  of  *' Chalk"  is  quite  unfounded,  as  readers  of  the 
American  Journal  of  Science,  Canadian  Naturalist,  Bulletin  of  the 
American  Geological  Society,  Science,  the  Reports  of  several  Greo* 
logical  Surveys,  and  well-known  works  by  Ehrenberg  and  F. 
Komer,  might  well  know.  He  states  that  true  ''Chalk/'  soft  and 
"white,  made  up  of  Foraminifera  and  Coccoliths,  and  without  the 
admixture  of  mechanical  sediments,  has  a  thickness  of  at  least 
25  feet  on  the  Sioux  Biver  in  Iowa ;  and  is  50  feet  thick  at  Ponca 
in  Nebraska;  at  Saint  Helena,  further  up  the  Missouri.  90  feet;  at 
Yankton  in  South  Dakota,  130  feet ;  and  probably  200  feet  at  the 
mouth  of  the  Niobrara.  Near  the  mouth  of  the  Sioux  it  is  repre- 
sented by  (from  top) — (1)  Clialk,  12  feet;  (2)  soft  Inooeramus- 
limestone,  12  feet;  (3)  Chalk,  12  feet  (See  Mr.  Bain*s  memoir, 
p.  111.) 

Dr.  Calvin  (p.  115),  having  described  the  mode  of  occurrence  of 
the  foi-amini feral  shells  as  being  quite  similar  to  that  in  the  English 
Chalk,  proceeds  to  enumerate  and  discuss  the  various  published 
notices  that  have  indicated  a  rising  and  increasing  knowledge  of 
this  view,  founded  on  the  recognition  of  microscopic  fossils  in  the 
Cretaceous  strata  from  various  parts  of  North  America.  Thus 
Prof.  J.  W.  Bailey,  in  1841,  described  some  "prairie  chalk"  from 
the  Nortii-west  (see  also  Hitchcock's  *' Elementary  Geology,"  new 
edition,  1860,  p.  382) ;  Dr.  Ch.  G.  Ehrenberg  figured  some 
Foraminifera  from  the  Chalk  of  Missouri  and  Mississippi,  1843, 
and  Bailey  in  1844;  Dr.  F.  Kiimer  some  from  Texas,  1852,  and 
T.  A.  Coni-ad  in  1857;  F.  B.  Meek  and  F.  V.  Hayden  described  the 
Cretaceous  strata  along  the  Missouri  River,  in  1859-61 ;  Dr.  C.  A. 
White  the  Inoceranius-limestone  of  Iowa,  in  1870 ;  Dr.  G.  M. 
Dawson  the  Chalk  of  Nebraska  and  Manitoba,  1874;  Prof.  R.  T. 
Hill,  in  1888,  1889,  and  1890,  definitely  gave  the  name  of  "Chalk" 
to  the  soft  calcareous  beds  of  the  Lower  and  Upper  Cretaceous  series 
in  Texas  and  Arkansas;  and  Prof.  S.  W.  Willistou  treated  of  the 
Kansas  Chalk  in  1890. 

The  more  common  of  the  Foraminifera  of  the  North- Anieric«in 
Chalk,  as  figured  by  the  various  observers  above  referred  to,  appear 
to  be — 

1.  Textilaria  jiygmaa,  d'Orbigny.  G.  M.  Dawson,  Canadian 
Naturalist,  vol.  vii,  1874,  p.  253,  fig.  h\  S.  Calvin,  Iowa  Geol. 
Survey,  vol.  iii,  1895.  p.  226,  pi.  xix,  fig.  7.  This  is  rather  common 
in  the  Cretaceous  and  Tertiary  deposits,  and  in  existing  seas. 

2.  Textilaria  globulosa,  Ehrenberg.  Bailey,  Amer.  Journ.  Sei. 
and  Arts,  vol.  xli,  1841,  p.  401,  &g.  2;  Calvin,  Iowa  Geol.  Survey, 
vol.  iii,  1895,  p.  225,  pi.  xix,  fig.  5.  This  species,  first  described  by 
Ehrenberg,  has  a  wide  geographical  range,  chiefly  in  the  Cretaceous 
series.  The  localities  whence  the  specimens  figured  by  Ehrenberg 
were  obtained  are— Cretaceous :  Egypt,  Syria,  Arabia  (?),  France, 
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England,  Islands  of  Moen  and  Eiigen  in  the  Baltic,  Bobismiay  Russia, 
and  Missouri ;  Eocene :  Egypt,  and  Bavaria ;  also  from  volcanic  mud 
in  the  Eastern  Archipelago,  and  from  wind-dust  at  Malta,  Lyons, 
and  Silesia  or  Austria.  Dr.  H.  B.  Brady  has  recorded  it  as 
occurring  in  a  brackish  tidal  pond  at  Westport,  Ireland.  It  ia 
a  common  Cretaceous  fossil,  being  recorded  from  the  Chalk  of 
Swanscombe  (zone  of  Micraster  cor-testudinarium),  from  the  Chalk' 
of  Taplow  (zone  of  Belemnitella  quadrata) ;  from  the  Chalk  of 
Westphalia,  by  Reuss,  under  the  name  T.  glohifera ;  also  by 
Andreae,  from  the  Oligocene  of  Elsass,  under  the  name  T.  gracillima; 
and  by  Miliett  from  the  Pliocene  of  St  Erth.  One  specimen  has 
been  met  with  in  the  Chillesford  Beds  of  Aldeby,  near  Beccles. 

3.  Teiiilaria  gihbosa,  d'Orbigny.  Bailey,  Amer.  Journ.  Sci.  and 
Arts,  vol.  xli.  1841,  p.  401,  fig.  1  (?)  ;  Woodward  and  Thomas, 
13th  Geol.  Rep.  Minnesota,  1885,  p.  166,  pi.  iii,  figs.  1-5  (as 
"  r.  globulosa*^);  Calvin,  Iowa  Geol.  Survey,  vol.  iii,  1895, 
p.  225  (as  a  small  broad  variety  of  T.  glohulosa  widening  rapidly 
in  its  growth,  and,  indeed,  zoologically  there  is  very  little  differ- 
ence between  these  forms),  pi.  xix,  fig.  6.  This  is  a  common 
Texttlaria,  both  recent  and  fossil. 

4.  Textilaria  striata,  Ehrenberg.  O.  M.  Dawson,  Canad.  Nat., 
vol.  vii,  1874,  p.  263,  fig.  a  (given  as  "  T.  globulosa").  This  is 
a  variety  of  T.  gihbosa.  Among  the  figures  of  this  form  given  by 
Woodward  and  Thomas  in  the  Thirteenth  Report  of  the  Geological 
Survey  of  Minnesota,  1885,  p.  166,  pi.  iii,  figs.  1-5  (there  termed 
**T,  globulosa  "),  one  pariialJy  striated  individual  is  shown  by  fig.  5. 
This  is  more  especially  an  American  species. 

5.  Spiroplecta  Americana,  Ehrenberg.  Mentioned  by  Bailey, 
Amer.  Journ.  Sci.  and  Arts,  vol.  xlvi,  1844,  p.  308 ;  but  the  figure  in 
the  footnote  is  possibly  a  Textilaria,  not  a  Spiroplecta.  Woodward 
and  Thomas,  Thirteenth  Report  Geol.  Surv.  Minnesota,  1885,  p.  168, 
pi.  iii.  fig.  9.  This  species  was  at  first  regarded  by  Ehrenberg  as  a 
Textilaria;  but  its  name  was  changed  by  him  to  Heterohelix  in  1841; 
and  in  his  "Mikrogeologie,"  1854,  he  referred  to  it  as  Spiroplecta 
Americana  from  the  Chalk  of  Missouri  and  Mississippi.  Equivalent 
forms,  not  ialways  arenaceous,  are  found  in  the  European  Chalk 
and  Tertiaries,  and  in  existing  seas. 

6.  Bolivina  punctata,  d*Orbigny.  A  well-known  subtypical  form 
of  Bulimina,  under  which  generic  appellation  it  appears  in  the 
Iowa  Geol.  SurA^ey,  vol.  iii,  1895,  p.  229,  pi.  xix.  fig.  8.  This  is 
cosmopolitan  in  the  oceans,  from  shallow  to  abyssal  waters;  and  it 
is  common  in  the  Chalk  and  Tertiaries. 

7.  Deiitalina  communis,  d*Orbigny.  Calvin,  Iowa  Geol.  Survey, 
vol.  iii,  1895,  p.  229  (** Nodosarian  forms"),  pi.  xix,  figs.  11,  12,  13. 
Such  Nodosarines  occur  in  the  Permian  and  Jurasnic  strata,  and  are 
extremely  common  in  European  Chalk,  in  the  Tertiaries,  and  in 
many  seas,  from  shallow  to  abyssal  depths. 

8.  Nodosaria  ambigua,  Neugeboren.  Nodosaria  Texana,  Conrad, 
Geol.  Reports  US.  and  Mexican  Boundary  Survey,  vol.  i,  pt.  2  (4to, 
Washington,  1857),  ''Description  of  Cretaceous  and  Tertiary  Fossila/* 
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p.  159.  pi.  xiv,  figs.  4  a,  h,  c,  oorresponds  very  closely  indeed  with 
Nengeboren's  Nodottaria  amhiguay  Denkschrifl.  k.  Aksd.  Wiss.  VTien, 
vol.  xii,  18oG.  p.  71.  pi.  i,  figs.  13-16»  from  the  Chalk  of  Upper 
Lapugy  in  Transylvania.  It  occors  also  in  some  Tertiary  bedi, 
and  in  the  North  Pacific  Ocean. 

9.  Frondicniaria,  A  fragment  of  Fr,  Venemliana  (?),  d'Orbigny, 
is  given  by  Dr.  Calvin  in  pi.  xix,  fig.  14,  p.  229,  Iowa  GJeoL  Sorwy, 
vol.  iii.     It  is  known  from  the  Chalk  of  France  and  England. 

10.  CristfUaria.  Calvin,  Iowa  Greol.  Survey,  vol.  iii,  1895,  p.  229, 
pi.  xix,  fig.  9,  is  either  one  of  the  poor  varieties  of  Cr.  rotnlata,  such 
as  are  met  with  in  the  European  Chalk,  or  the  initial  part  of  one  of 
the  many  Maryinulina  of  the  Chalk.  This  is  similar  also  to  others 
of  both  kinds  met  with  in  older  and  younger  strata. 

11.  Glohigerina  cretaeea,  d'Orbigny.  Bailey,  Amer.  Joam.  Scu 
and  Arts,  vol.  xli,  1841,  p.  401,  fig.  4;  G  M.  Dawson,  Canad.  Nat., 
vol.  vii,  1874,  p.  253,  fig.  «  (**  Dieeorhina  globutaris**  possibly  an 
immature  Glohigerina  digitata) ;  Woodward  and  Thomas,  Geol. 
Surv.  Minnesota,  1885,  p.  171,  pi.  iii,  figs.  18  (?),  14-16;  pi.  ir, 
fig.  19,  and  edge- views,  figs.  23  and  24  (?) ;  Calvin,  Iowa  GeoL 
Surrey,  vol.  iii.  1895,  pp.  216,  228,  pi.  xix,  figs.  1,  2,  4.  The 
appearance  of  limbate  borders  in  these  last  and  in  most  of  the 
other  figures  on  this  plate  is  probably  duo  to  the  translucent  edges 
of  these  shells,  as  seen  when  mounted  in  balsam.  S[>ecinien8  of 
roal  Glohigerina  marginata  (Heuss).  such  as  are  known  in  the 
European  Chalk,  were  figured  by  Woodward  and  Thomas  in  the 
Geol.  Survey,  Minnesota,  1885,  p.  174,  pi.  iv,  figs.  20-22,  from 
the  Boulder-clay  containing  Cretaceous  Foraminifei*a.  Glohigerina 
cretacea  is  a  characteristic  microzoon  of  the  Chalk.  It  has  near 
relatives  in  other  de]>08it8  and  in  the  existing  seas. 

12.  Glohigerina  digitnta,  Brady.  Calvin,  Iowa  Geol.  Survey, 
vol.  iii,  1895,  p.  228,  pi.  xix,  fig.  3.  This  interesting  species  has 
not  been  previously  observed  in  the  Chalk,  but  only  in  the  present 
oceans.  G.  M.  Dawson's  fig.  c,  however,  above  mentioned,  with 
its  elongate  ultimate  chamber,  may  be  a  proximate  variety,  or 
a  young  form. 

13.  Anomalina  ammonoides  (Reuss),  G.  M.  Dawson,  Canad.  Nat., 
vol.  vii,  1874,  p.  253,  fig.  d  (**  Flanorhnlina  Ariminensis  "),  is  one  of 
the  neat  and  almost  symmetrical  forms  belonging  to  Planorhulina; 
it  is  very  common  in  the  European  Chalk,  and  lives  in  the  sea 
now  at  depths  varying  from  37  to  1350  fathoms.  It  is  figured 
by  Dr.  Calvin,  Iowa  Geol.  Survey,  vol.  iii,  1895,  p.  235,  pi.  xix, 
fig.  10,  as  *'Truncatulina,^*  to  which  it  is  generically  allied,  but  more 
symmetrically  formed. 

14.  Oihiioiina  or  Patellina  lenticularia  (Blumenbach)  is  probably 
the  foraminifer,  from  Texas,  figured  and  described  by  Dr.  Ferdiniuid 
Rouier  as  Orhitulites  Texanua  in  the  **Kreidebildung  von  Texas,"  etc. 
(4to,  Bonn,  1852),  p.  86,  pi.  x,  figs.  7  a-d.  He  first  mentioned  it  ia 
his  •♦  Texas"  (Bonn,  1849),  p.  392. 

For  the  occurrence  of  this  little  Cenomanian  fossil  in  Europe,  see 
the  Catalogue  of  the  Fossil  Foraminifera  in  the  British  Museum 
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(Natural-History  Branch),  1882,  pp,  10,  17,  and  19;  and  for  it8 
sjnonomy  and  relationships,  pages  84,  85. 

At  pages  228,  229,  Dr.  Calvin  offers  some  suggestive  remarks  on 
the  probable  conditions  of  that  part  of  the  Cretaceous  sea  nov 
replaced  by  North  America,  especially  in  the  Iowa  region,  as  to  the 
relative  depth  and  clearness  in  some  parts,  and  its  shallower  state 
near  the  old  shore-line  eastward.  Judging  from  the  relatively  large 
growth,  or  the  contrary,  of  some  Textilaria  and  other  forms,  he 
indicates  the  area  of  deep  and  clear  water,  and  that  of  shallow  and 
littoral  with  its  mechanical  sediments.  We  cannot,  however,  agree 
with  his  notion  that  the  Olobigerina  digiiata  is  an  *< abnormal"  form, 
taking  on  an  extra  growth  in  consequence  of  being  **  restricted  "  or 
otherwise  on  the  deep  sea-bottom. 

The  Bucce8si%'e  formation  of  the  several  members  of  the  Cretaceous 
series  in  this  region,  and  the  probable  physical  conditions  under 
which  they  were  deposited,  is  carefully  described.  The  local  sub* 
sidenoe  was  greatest  when  the  Niobrara  Chalk  was  being  formed, 
with  its  abundant  Foraminifera,  whether  pelagic  or  abyssal,  and  with 
the  associated  Coccoliths  and  Ehabdoliths  as  in  Manitoba.  Then  a 
gradual  elevation  of  the  sea-bottom  began ;  and  this  in  time  brought 
about  the  formation  of  the  shales  and  sandstones  of  the  Pierre  and 
succeeding  stages. 

The  wide  range  of  these  Foraminifera  in  the  two  Hemispheres  is 
a  subject  of  interest  not  lost  sight  of  by  Dr.  Calvin  ;  and  their  long 
continuous  and  persistent  existence,  or  great  range  in  time,  has  been 
often  noticed  by  naturalists.  T.  B.  J. 

II. — Grundzugb  deb  Paljbontologie  (PALiBozooLOOiK).  Vou  Karl 
A.  VON  ZiTTKL,  Professor  an  der  Universitat  zu  Miinchen, 
972  Textseiten,  mit  2048  in  den  Text  gedruckten  Abbildungen. 
Mijnchen  u.  Leipzig.  (Oldenhourg,  1895.)  London :  Dulua 
and  Co.,  37,  Soho  Square,  W.     Price  2o8.,  post  free. 

IT  is  not  more  than  two  years  since  that  Prof,  von  Zittel  brought 
to  a  successful  conclusion  the  **  Handbuch  der  Palseontologie," 
which,  on  a  scale  not  before  attempted,  included  in  its  scope  a  de- 
scription of  all  the  leading  genera  of  fossils,  as  well  as  references 
to  those  of  subordinate  importance.  In  the  preparation  of  this 
immense  work,  nearly  twenty  years  ran  by ;  and,  as  is  well  known, 
in  this  interval  our  knowledge  of  fossils  advanced  in  nearly  every 
department,  with  the  result  that  by  the  time  the  concluding  volume 
of  the  **  Handbuch "  appeared,  the  earlier  portion  of  the  work, 
treating  of  the  lower  groups  of  the  Invertebrata,  was  already  in  part 
out  of  date.  In  place,  however,  of  re-writing  the  first  volume  of 
the  **  Handbuch  "  as  an  instalment  of  a  new  edition,  Yon  Zittel  has 
prepared  the  present  "  Grundziige,"  in  which  a  brief  but  compre- 
beusive  representation  of  the  more  important  facts  of  palsaontology, 
both  vertebrate  and  invertebrate,  have  been  brought  within  the 
compass  of  a  single  volume.  The  same  method  of  arrangement 
has  been  adopted  in  this,  as  in  the  larger  work ;  but  to  keep  it 
within  the  necessary  limits,  a  selection  of  the  specially  typical  forma 
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had  to  be  made  for  desoription,  while  others  are  referred  to  by  nimo 
only.  l*he  author  has  endeavonred  to  carry  out,  what  should  be  the 
leading  aim  of  palseontology,  a  nataral  system  oorrespondtDg  to 
inorpholo«^ical  and  phylogenetical  facts.  Fossils  are  regarded  chiefly 
in  their  relations  as  members  of  the  animal  kingdom,  rather  tbtn 
from  the  geological  standpoint  as  furnishing  evidence  of  the  com* 
parative  age  of  the  beds  in  which  they  are  inclosed ;  bat  their 
significance  in  this  latter  respect  has  by  no  means  lieen  neglected, 
and  the  geologist  will  find  the  characteristically  leading  fossils  of 
the  different  rock  formations  amply  described  and  figured. 

A  8i>ecial  feature  of  this  volume  is  the  unusual  number  and 
excellence  of  the  illustrations,  which  adorn  nearly  every  page;  sot 
only  has  full  use  been  made  of  the  cliches  of  the  remarkably  clear 
woodcuts  of  the  "  Handbuch,"  but  there  are  in  addition  numerous 
fresh  figures,  so  that  a  typical  form  of  nearly  every  fossil  genus  of 
importance  has  been  represented. 

In  an  introductory  chapter,  after  an  explanation  of  the  conception 
and  object  of  the  science  of  Palseontology,  reference  is  made  to  the 
chemical  and  mechanical  changes  which  take  place  in  organic  remains 
in  the  process  of  fossilization,  and  thiA  is  followed  by  an  instructive 
and  spirited  exposition  of  the  relations  of  Palaeontology  to  each 
of  the  sJHter  sciences  of  Biology,  Geology,  Physical  Geography, 
Kmbryology,  and  Phylogeny,  and  the  essential  importance  ami 
Value  of  the  facts  contributed  by  Palasoutology  to  these  respective 
Sciences  is  very  forcibly  elucidated. 

It  would  lead  beyond  the  bounds  of  our  space  to  refer  in  any 
detail  to  the  numerous  alterations  and  additions  which  have  been 
introduced  in  the  systematic  portion  of  the  present  work,  in  com- 
])iiriKon  with  that  of  the  **  Handbuch  " :  these  mainly  concern,  as 
might  be  supposed,  the  division  of  the  InvertebratsL  It  will  suffice 
to  state,  however,  that  the  results  of  the  most  recent  investigations 
of  specialists  and  others  in  the  various  groups  of  fossils  have  been 
critically  noted  and  incorporated  in  this  book,  thus  rendering  it 
valuable  as  a  reference  to  the  experienced  palaeontologist  as  well 
as  to  the  student-beginner  in  the  science. 

As  additional  recommendations,  the  letterpress  is  clear,  the  book 
is  strongly  bound,  and  it  is  brought  out  by  the  publishers  at  a  very 
moderate  price. 

III. — Observations  on  the  Stbucturb  op  some  Diprioxidx.  By 
St.  Leonk.  Tornquist.  Trans.  Roy.  Swedish  Physiographical 
Soc,  1892-93. 

rpHE  author  in  this  paper  describes  the  structure  of  Climacograptvs 
X  scalariB  (Lin.),  C.  intemexus  (Tomq),  Ih'ploffraptus  patmeuf 
(Barn),  D,  hellulua  (Tomq.),  and  Cephalograptus  cometa  (Geinitz). 
His  method  of  preparation  consists  in  grinding  down  specimens 
preserved  in  iron  pyrites  until  the  required  section  is  obtained.  For 
purposes  of  descri]>tion  he  divides  the  thecae  of  the  polypary  into 
two  series:  (a)  primordial,  containing  the  first  theca;  (6)  second 
Beriea. 
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He  believes  that  the  polypary  of  CUmacograptu$  sealarts  is  bailt 
up  in  the  following  way :  The  oonioal  sicula  is  on  the  side  of  the 
second  thecal  series,  and  the  apex  coincides  with  the  axis  of  the 
polypary.  It  sends  ont  the  connecting  canal  on  the  side  facing  the 
primordial  series,  and  this  runs  along  the  lower  portion  of  the  sicula 
and  opens  into  the  proximal  part  of  the  biserial  chamber.  This 
chamber  he  defines  as  that  part  of  the  common  canal  below  the 
median  septum ;  it  gives  rise  to  two  thecaa  on  each  side,  the  rest  of 
the  cavity  of  the  rhabdosoma  being  divided  by  a  median  septum  into 
two  uniserial  canals  originating  in  a  common  chamber. 

Climacograptus  iuierneztis  is  similarly  developed,  but  is  charac- 
terized by  the  free  prolongation  of  the  lower  lamina  of  each  thecal 
partition,  which  extends  downwards  over  the  aperture  in  a  manner 
resembling  3f,  priodon  (Bronn).     The  median  septum  is  undulated, 

DiplograptHB  pnlmeus. — I'he  septum  is  incomplete,  and  thecal  series 
therefore  originate  from  one  biserial  canal. 

D.  belltdus. — This  species  is  characterized  by  the  long  proximal 
prolongation  of  the  virgula.  There  is  no  trace  of  a  median  septum, 
and  the  common  canal  is  very  narrow. 

Cephalograptm  eometa. — The  connecting  canal  is  almost  at  the 
base  of  the  sicula,  and  is  directed  somewhat  outwards.  It  opens  into 
the  common  biserial  canal,  which  does  not  send  out  the  first  tbeca  of 
the  second  series  until  far  beyond  the  pointed  end  of  tbe  sicula. 
The  median  septum  is  incomplete. 

The  author  concludes  with  the  observation  that  the  central  cavity 
of  the  rhabdosoma  may  consist  of  two  uniserial  canals,  separated  by 
a  more  or  less  complete  median  septum,  and  originating  from  a  short 
biserial  chamber,  or  a  single  biserial  canal. 

G.  L.  E.  and  E.  M.  R.  W. 

IV. — "UEBKRDrPLOGRAPTIDiE,"  LaPW.,  AND  *'JJeb«R  MoyOGOAPTUS,** 

Gkinitz.     By  Carl  Wisman.     Bull.  Qeol.  lustiL  of  the  Univ. 

of  Upsala.  Vol  I,  No.  2.  1893. 
rpHE  author  has  been  able  to  make  very  complete  researches  on 
1  the  structure  of  the  proximal  part  of  the  polypary  in  the 
Diplograptidce  and  in  Monograpttia,  owing  to  the  method  of  pre- 
servation of  his  specimens.  The  polypary  was  embedded  in  lime- 
stone, and  was  isolated  and  stained  by  means  of  acid  and  Schulze's 
macerating  fluid. 

As  regards  the  Diplogi*aptid80,  Wisman  lays  stress  on  the  follow- 
ing points:  The  sicula  consists  of  two  parts,  the  proximal  and  distal, 
differing  in  their  form  and  external  sculpture.  This  gives  rise,  on 
the  right-hand  side,  to  only  one  bud,  so  that  the  Diplograptidsd  are 
Monoprionidian.  This  bud  gives  rise  to  a  theca,  and  each  subse- 
quent theca  develops  from  the  one  next  below  it,  but  on  the 
opposite  side  and  not  from  a  common  canal.  The  polypary,  together 
with  the  virgula,  develop  at  first  both  proximally  and  distally,  but 
at  a  later  period  the  distal  growth  alone  persists.  The  sicula  does 
not  lie  embedded  between  two  branches  grown  together  along  their 
dorsal  sarfaces,  as  was  formerly  supposed  to  be  the  case,  but  is  at 
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first  free  and  is  only  later  enclo8eri  in  the  penderm.  The  virgnla 
is  single,  and  is  not  continuous  throughout  the  whole  length  of  the 
polypary,  since  it  undergoes  two  different  phases  of  formation. 
'J'he  proximal  part  develops  as  a  spine  from  the  apertural  part 
of  the  sicula,  whilst  the  distal  portion  is  a  prolongation  of  the 
apex  of  the  sicula.  The  virgula  is  united  to  the  bases  of  the 
partition  walls  between  the  thecss  in  some  cases,  but  it  is 
frequently  free  for  a  great  part  of  its  length.  There  is  no  double 
longitudinal  septum  in  the  polypary. 

As  regards  A/onograpiuSt  the  structure  closely  resembles  that  of 
the  Diplogrnptidie.  In  MonograptuB,  however,  there  is  only  one  rov 
of  thecBB,  which  develop  on  the  same  side  as  the  first  theca.  Unlike 
IHplograptuB  the  thecce  develop  only  in  a  distal  direction.  The  distal 
portion  of  the  sicula  grows  simultaneously  with  the  thecas  lyiug  at 
the  same  level.  I'he  virgula  is  somewhat  triangular  in  shape  and 
lies  on  the  inner  side  of,  and  occasionally  in,  the  periderm  itself, 
not  in  a  groove  on  the  outer  edge.  No  lumen  to  the  virgula  Las 
been  observed  either  in  Monograptus  or  in  the  Diplograptidss,  but 
it  is  the  opinion  of  the  author  that  such  existed  and  that  it  was 
filled  with  a  living  substance. 

E.  M.  R.  W.  and  G.  L.  E. 


INTERESTING    CONTACT-METAMORrHISM. 

Sib, — I  have  read  with  much  pleasure  Mr.  W.   M.  Hutchings' 

article  on   "An   Interesting   Contact-Metamorphism,"  in   the  Gko- 

LOGicAL  Magazine  for  last  March.     There  is  one  thing,  however, 

which  I  cannot  understand  anywise.  It  is  the  word  "anthrophj'llite."' 

It  seems  to  me  to  be  a  name  applied  to  a  mineral  produced  by  the 

contact-metamorphism.     I  know  the  mineral  '*  antbophyllite,"  but 

not  **  anthrophyllite.*'^    I  have  met  with  this  term  for  the  first  time. 

I  inquired  into  nearly  all  mineralogical  and  lithological  books  oar 

University  possesses,  but  all  in  vain.  Would  you,  sir,  kindly  describe 

it  to  me,  or  tell  the  literature,  if  any  ?     I  beg  this  of  you,  or  of 

Mr.  Hutchings  himself. 

Geolooical  Institute,  Science  College,  H.  IsHlHABA. 

Imperial  Univeksity,  Tokyo,  Japan. 
Ut  July,  1895. 

METAMORPHISM  AT  MALVERN. 
Sir, — Would  you  permit  me  to  add  three  words  to  the  letter 
which  you  kindly  inserted  in  this  month's  Gkologioal  Magazine? 
In  stating  an  analogy  between  the  roasting  of  meat  and  the  process 
of  metamorphism  at  Malvern,  I  wrote,  or,  at  any  rate,  meant  to 
write,  "  The  cook  is  able  to  observe  the  cause  of  the  change,  and  so 
can  the  geologist  at  Malvern."  In  the  letter  as  printed,  the  words 
in  iialicB  do  not  appear.     The  omission  is  a  vital  one. 

Wellington,  Salop,  Augusty  1896.  C.  CallaWAY. 

^  No  doubt  Mr.  Ishihara  is  correct :  the  r  was  an  error  in  printing  and  should 
have  been  deleted. — ^Edit.  Geol.  Mao. 
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I. — On    DlDYMOOBAPTUS,    TbTRAOBAPTUS,   and   PSTLIOQRAPTUS. 

By  Dr.  Gerhard  Holm, 
Palaeontologist  to  the  Geological  Survey  of  Sweden,  Stockholm. 

Translated  from  the  orig^inal  in  Geol.  Foren.  i  Stockholm  Forhandl.,  Bd.  XVII, 
Haft  iii,  No.  164,  1896,  pp.  319-369.  By  G.  L.  Ellbs  and  E.  M.  R.  Wood, 
Newnham  College,  Cambridge. 

(PLATES  XIlI  AND  XIV.)i 

THE  knowledge  of  the  internal  structure  and  development  of  the 
different  forms  of  Graptolites  is  very  incomplete,  owing  to 
the  unfavourable  method  of  their  preservation,  Graptolites,  in  almost 
all  cases,  being  found  embedded  in  shale. 

For  more  than  ten  years,  however,  I  have  been  acquainted  with 
Graptolites  which,  exceptional  though  it  may  be,  are  embedded  in 
pure  limestone,  and  are  usually  preserved  in  full  relief; 'not  un- 
frequently  also  the  chitinous  substance  is  so  well  preserved,  that  the 
polypary  can  be  set  free  by  dissolving  the  limestone  with  acid. 

The  first  Graptolites  which,  by  this  means,  have  been  isolated 
and  studied  by  me,  were  Climacograpins  KuckersianuSf  nov.  sp., 
Holm,  from  a  specimen  collected  by  G.  Linnarsson,  near  Kuckers, 
in  Estland,  and  now  the  property  of  the  Geological  Institution  at 
Upsala,  and  Betiolites  GeinitzianuSy  Barr.,  in  a  limestone  nodule 
from  Motala.  I  have  since  described  the  internal  structure  of  the 
latter,  principally  with  the  aid  of  the  above-mentioned  specimen.* 
In  the  same  paper  I  have  given  an  account  of  an  improved  method 
of  dissolving  the  matrix,  by  means  of  which,  for  example,  such 
fragile  objects  as  the  connecting  parts  of  the  reticulate  polypary  of 
Dictyonema  cervicorne,  Holm,  and  the  fork-shaped,  apertural  spines 
of  the  thecae,  can  be  isolated. 

Since  the  above-mentioned  time,  I  have  constantly  collected  as 
much  material  as  I  could  obtain  suitable  for  treatment  by  this 
method,  for  the  purpose  of  a  closer  study  of  the  structure,  develop- 
ment, and  affinities  of  Graptolites ;  and  I  have  now  isolated  many 
thousands  of  specimens  belonging  to  a  great  many  forms  of  different 
groups  of  Graptolites. 

^  The  plates  and  page-illustration  will  appear  with  the  second  part  of  this  paper 
next  month. 
»  Bihang  K.  Vet.  Akad.  Handl.,  Bd.  16,  Afd.  iv,  No.  7,  1890. 

DBCADB   IV. — VOL.   H. — NO.    X.  *1^ 


434      Dr.  Gerhard  Holm — Chi  the  Structure  of  Graptolites. 

In  this  paper  an  acoonnt  is  given  of  the  development  and  sirnotare 
of  the  poljpary  in  the  genera  Didymograptus,  Tetragraptm$,  and 
Phyllograptus.  This  is  based  exclusively  on  the  excellent  mateiial, 
which  I  have  succeeded  in  collecting  during  many  years,  from  the 
grey  glauconitic  Yaginatenkalk  of  various  localities  in  N.  Oiand 
This  limestone  contains  but  few  Graptolites,  but  they  are  in  a  con- 
dition well  titted  for  isolation. 

According  to  the  general  current  opinion,  which  seems  to  have 
been  founded  on  Lapvvorth's  description  of  the  development  of  the 
graptolitio  polypary  in  "  On  an  Improved  Classification  of  the 
Khabdophora,"  the  development  in  the  bilateral  and  the  diprionidian 
forms  takes  place  from  two  buds,  which  arise  directly  on  the 
two  sides  of  the  sicula.  Certainly  Lapworth  himself  has  since 
changed  his  former  opinion,  and  with  his  usual  penetration,  on  tlie 
ground  of  the  structure  of  the  genus  Dimorphograptua,  has  stated  as 
theoretically  more  probable  that  the  sicula  in  all  the  "  Qraptoloidea*' 
gives  rise  to  only  one  bud:  this  opinion,  however,  has  been 
disregarded.  Quite  rect^ntly,  fiwt  Tomquist  and  then  almost 
simultaneously  Wiman,  who  had  at  their  disposal  far  better  material 
than  Lapworth,  conclusively  showed  that  in  the  Diplograptids 
only  one  bud  is  developed  from  the  sicula,  and  that  both  rows  of 
thecfe  are  derived  from  this. 

In  the  following  pages  it  will  be  shown  that,  in  the  main,  a  oom- 
plete  conformity  exists  in  the  first  stages  of  development  of  the 
poly  par}',  both  in  the  genera  Didymograptus,  Tetragraptus,  and 
Phylloijrnptua  and  in  the  family  Diplugraptidae.  It  may,  therefore, 
be  considered  as  in  the  highest  degree  probable  that  the  earlier 
development  of  the  proximal  part  (the  three  first  thecae)  in  all 
the  bilateral  or  diprionidian  forms  of  Graptolites  is,  in  the  main, 
the  same,  and  has  taken  place  through  the  formation  of  only  one 
bud  on  one  side  of  the  sicula — or  first  theca,  as  I  believe  it  is— 
which  side  is  always  the  same  in  relation  to  the  later  development 
of  the  polypary.  From  this  bud  thereafter  is  developed  partly  the 
second  theca;  partly  the  canal — ^'connecting  canal" — which  connects 
both  halves  of  tlie  polypary  and  which  in  the  first  place  gives 
origin  to  the  third  theca  (  =  first  theca  on  opposite  side  of  sicula); 
and  partly  also  the  common  canal,  which  connects  the  second  theca 
with  the  succeeding  ones. 

In  the  family  of  the  Monograptidse,  which  must  be  considered  as 
degenerate  from  the  Diplograptida9,  the  "  connecting  "  canal,  which 
otherwise  bends  over  to  the  opposite  side  of  the  sicula,  and  from 
which  the  thecal  row  of  that  side  ought  to  come,  is  not  developed, 
but  is  entirely  absent.  From  the  bud  on  the  sicula,  therefore,  only 
the  second  theca  is  developed,  together  with  the  common  canal  for 
the  single  or  main  branch  of  the  polypary.  From  the  sameness  of 
the  structure  of  the  proximal  part  arises  the  intimate  relationship 
between  the  Graptolite  forms,  separated  in  time  from  one  another; 
and  this  also  determines  how  the  younger  forms  arise  from  the  older 
through  a  gradually  increasing  simplification  at  first  of  the  distal 
part,  and  tlfien,  as  in  the  Monograptidse,  of  the  proximal  part  of 
the  polypary. 
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General  review  of  the  structure  of  the  proximal  part  of  the  polypary 
(Terminology).  —  For  the  sake  of  conoiseness  and  clearness  in 
description,  and  an  easier  comparison  between  different  forms,  and 
also  for  greater  precision  in  the  terms  employed,  many  of  which 
have  been  only  lately  introduced,  there  follows  here  a  general 
description  of  the  proximal  end  in  the  genera  described  below.  The 
terms  have  been  adapted  as  far  as  possible  so  that  they  can  be  also  used 
for  the  other  groups  of  Graptolites  which  are  provided  with  a  sicula. 

The  sicula,  which  has  a  cone-like  form,  is  defined  by  Lapworth  ^ 
as  **  The  chitinous  covering  of  the  free  zooid  *  germ '  or  embryo  in 
the  Graptoloidea."  As  Wiman  has  shown  in  Diplograptus,  sp.,  and 
in  M,  duhiuSf  Suess,  the  sicula  is  composed  of  two  essentially 
different  parts,  the  proximal  and  the  distal,  distinguished  by  the 
different  nature  of  the  periderm.  In  the  proximal  or  more  pointed 
end  of  the  sicula,  or,  as  it  may  perhaps  be  better  termed,  the  initial 
party  the  periderm-wall  is  very  thin  and  pellucid,  and  provided  with 
longitudinal  branching  and  anastomosing  swellings  or  striae,  which 
disappear  near  the  boundary  with  the  distal  part,  but  which,  uniting 
together  at  the  apex  of  the  sicula,  form  the  projecting  virgnla. 
In  the  wider  or  distal  (or  perhaps  better  termed  apertural)  portion 
of  the  sicula,  the  periderm  is  thicker  and  less  pellucid,  and  it  is 
provided  with  lines  of  growth  like  those  of  the  rest  of  the  polypary. 
In  opposition  to  Wiman,  I  believe  that  the  more  pointed  end  of  the 
sicula,  which  has  no  growth-lines,  exactly  corresponds  to  the  originfil 
"  chitinous  covering  of  the  free  zooid  germ  or  embryo,"  and  thus  is 
the  "  initial  part "  from  which  the  '*  apertural  part "  is  developed 
which  eveiy where  shows  normal  lines  of  growth. 

The  apertural  part  of  the  sicula,  as  far  as  can  be  judged,  has  the 
same  function  as  a  theca,  and  might  therefore  be  justly  considered 
as  the  first  theca  of  the  polypary  (see  fig.  1).  The  old  name 
"sicula"  is  nevertheless  a  convenient  and  significant  one,  and  is 
here  retained.  Even  if  there  be  some  doubt  whether  the  whole 
apertural  part  of  the  sicula  should  be  regarded  as  the  first  theca, 
it  cannot  at  least  be  extended  to  that  part  of  the  same  which  lies 
below  the  passage  opening  into  the  second  theca.  It  is  evident  from 
the  direction  of  the  lines  of  growth  at  this  spot  in  Diplograptus,  sp., 
and  M,  dnhius,  Suess,  that  this  connection  with  the  growth  of  the  sicula 
first  appears  as  a  notch  in  the  apertural  margin,  which  afterwards  by 
further  outward  growth  of  the  edge  of  the  sicula  is  changed  into  a 
foramen  closed  all  round.  The  common  canal,  by  which  all  the  cells 
of  the  polypary  are  connected  with  one  another — whether  the 
different  individuals  have  been  developed  by  budding  from  the 
coenosarc,  or  whether  they  are  developed  from  and  connected  with 
the  one  immediately  preceding — (the  common  canal)  must  therefore 
be  considered  to  begin  already  in  the  sicula,  even  if  it  has  been  con- 
venient, for  the  sake  of  description,  to  distinguish  one  part  as  the 
"connecting"  canal.  There  does  not  exist  any  important  morpho- 
logical difference  whatever  between  the  part  of  the  sicula  lying 
below  the  passage  opening  to  the  second  theca  and  the  remaining 

thecse. 

^  Quart.  Journ.  Geol.  Soc.,  Yol.  xxxi,  1875,  p.  639. 
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In  the  bilateral  and  diprionidian  forms  the  rioolm  alwmjs  ooeopiei 
a  side  position,  more  or  leas  oblique  to  a  median  plane  between  the 
Rpcond  and  third  thecfe,  dividing  the  polypaiy  symmetricallj  into 
two  similar  halves.  This  arises  in  consequenoe  of  the  fact  that  the 
*'  connecting  "  canal  between  the  second  and  third  thecse,  and  tbu 
between  the  two  side  halves  of  the  polypaiy,  proceeds  alon|[^  one  dde 
of  the  sicula,  and  more  or  less  completely  embraces  it.  The  siciiiA 
occapies,  therefore,  on  one  side  of  the  polypary  a  more  or  leu 
saperficial  position,  so  that  it  is  here  exposed,  either  completely,  u 
in  DidymograptuMy  TetragrapiuB,  and  Phyllograptug,  or  for  a  longer 
or  shorter  space  nearest  the  aperture,  whilst  the  rest  of  it  le 
em)>edded  in  the  polypary,  as  in  DiplograpiuB  and  ClimaeograptwM. 

Tliis  side  of  the  polypary  is  called  in  the  sequel  the  nculande; 
the  opposite  side,  which  is  occupied  by  the  ''connecting"  oanal 
between  the  two  halves  of  the  polypary  (second  and  third  thecas)  vi 
the  anti'Btcula  side. 

The  sicula  here  is  either  completely  obscured — for  example,  in 
Dipfograptu8f  ClimacograptiUf  and  PhifJlograptue,  or  visible  only 
near  the  aperture  and  mucro,  as  in  such  bilaterally  developed 
monopriouidian  forms  as  Didymograptus  and  Tetragraptiu,  In*  the 
former  the  sicula  on  this  side  is  completely  embcidded  in  the 
polypary,  and  is  oonoealed  not  only  by  the  "connecting"  canal 
but  also  by  the  oldest  theca  and  the  common  oanaL  In  the  latter, 
ai^riin.  the  connecting  canal  forms  only  a  broader  or  narrower  band 
across  the  sicula. 

The  sicula  side  in  descriptions  is  termed  the  an/«rtor,  that  is  the 
8i«le  turned  towards  the  spectator,  which,  when  pointing  out  the 
<lifferent  position  of  the  parts,  is  the  usual  position  of  the  polypary. 
For  tlie  same  reason  the  anti-sicula  side  is  termed  posterior.  In 
this  I  agree  with  Tornquist — **  Structure  of  Diprionidee" — who  uses 
the  tenns  ''obverse  aspect"  and  "reverse  aspect"  in  the  same  sense. 

Tlie  second  or  left  theca^  as  it  may  be  called  irom  its  i>o8ition,  or 
more  correctly  the  bud  from  which  it  is  afterwards  formed,  always 
grows  out  from  the  left  side,  and  lies  along  this  near  the  aperture  of 
the  sicula  (Didymograptus  and  Tetragraptus)  or  ends  against  it,  in 
wljich  latter  case  it  makes  a  bend  to  the  left  (Diplograptus  and 
JPhyllograptus),  The  apertures  of  the  sicula  and  left  theca  are 
always  turned  in  opi)08ite  directions — that  of  the  sicula  to  the  right, 
and  in  the  same  direction  as  the  thecas  of  the  rows  or  branches 
lyiiij;;  on  the  right  of  the  sicula;  the  left-hand  theca  towards  the  left, 
and  in  the  same  direction  as  the  remaining  thecad  on  the  left  half  of 
the  p«>lypary.  The  direction  of  the  boundary  between  the  sicula  and 
left  theca  determines,  therefore,  the  direction  of  the  polypary. 

The  j)08ition  of  the  passage  opening  from  the  sicula,  and  thus  the 
place  from  which  the  bud  grows  out,  varies.  In  Phyllograptus  it  is 
situated  quite  close  to  the  apex  of  the  sicula,  in  Tetragraptiu 
Bigshyiy  Hall,  probably  slightly  lower  down,  in  Didymograptus 
jninvtns,  Tornq.,  somewhat  below  the  middle  of  the  sicula,  in 
Didymograptus  gracilis,  Tornq.  Mut.,  still  nearer  the  aperture; 
but  in  Didymograptus  gihherulus,  Nich.,  the  position  is  almost  the 
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same  as  in  Phyllograptiu,  if  one  disregards   the  long   thread-like 
initial  part  of  the  sicula. 

The  connecting  canal, — From  the  bud  developed  on  the  sicula, 
there  arises  almost  simultaneously  with  the  left  theca  the  common 
canal  for  the  left  half  of  the  polypary  and  the  connecting  canal, 
which  crosses  the  dorsal  side  of  the  sicula  and  gives  origin  to 
the  third  (or,  better,  the  right)  theca  lying  on  the  right  side  of  the 
polypary,  and  also  the  common  canal  for  the  right  half  of  the 
polypary.  This  is  particularly  clear  and  conspicuous  in  D.  minuUis, 
Tornq.  Mut,  and  the  same  thing  also  occurs  in  Tetragraptus  and 
Phyllograpim  (see  Figures).  By  the  connecting  canal,  therefore, 
we  understand  in  the  sequel  the  canal  surrounded  on  the  outsiile 
by  a  special  wall,  which  crosses  the  sicula  on  the  dorsal  side  of 
the  polypary,  and  forms  the  connection  between  the  two  halves 
of  it. 

By  the  development  of  the  three  thecso  just  described,  namely  the 
sicula,  the  left  and  right  thecal  (primordial  thecee),  there  originates 
the  primitive  form,  from  which  by  bifurcation  and  growth  in  different 
directions  a  further  increase  of  the  polypary  takes  place.  This  is, 
in  its  general  characters,  in  complete  agreement  in  the  representative 
Oraptolites  referred  to,  and  therefore  probably  similar  in  all 
Graptolites  where  degeneracy  has  not  taken  place. 

The  genus  DidymograptuB,  from  the  left  theca  of  which  there 
arises  only  one  left  branch,  and  similarly  from  the  right  only  one  right 
branch,  constitutes  a  further  stage  of  growth  of  the  primitive  form. 
This  primitive  form  or  state  of  development  we  can  therefore  term 
the  Didymograplus-stAge,  If  no  other  facts  of  a  different  nature  are 
known,  it  is  impossible  to  assign  an  individual  to  its  proper  genus 
when  it  is  only  known  in  this  or  in  an  earlier  stage  of  development. 
This  is  shown  in  Figures  13-16,  PI.  XIV,  which  represents 
a  young  form  of  Tetragraptus  Bigsbyi,  Hall,  in  the  Didymograptiia- 
stage.  An  account  of  the  further  bifurcation  belongs  to  the 
description  of  the  different  genera. 

The  virgula,  — The  virgula  is  wanting  in  the  genera  here  described  ; 
it  has,  moreover,  never  been  observed  by  me  in  any  forms  belonging 
to  the  family  Dichograptid89.  On  grounds  which  will  be  shown 
later  on,  a  virgula  corresponding  to  that  in  Diplograptus  and 
Monograptus  cannot  occur  in  the  Diohograptidad.  The  same  is  the 
case  in  the  DictyograptidsB,  Tullb.,  in  forms  of  Nemagraptidae,  and 
in  the  genus  Dtcellograptm  of  family  Dicranograptidsa.  A  virgula 
seems  never  to  have  been  described  or  figured  in  any  allied  form. 
In  the  family  Diplograp tided  a  virgula  has  been  observed  in  a  great 
many  cases,  and  probably  therefore  occurs  generally  (or  always?). 
In  the  family  Monograptidss  it  at  least  is  often  found,  and  in 
many  cases  has  been  figured.  I  have  not  yet  had  an  opportunity  of 
observing  whether  both  the  chitinous  threads,  which  in  the  Retio- 
litidaa  {Retiolites  and  Stomatograptus)  have  been  called  the  straight 
and  zigzag  virgulas,  correspond  with  and  have  the  same  mode  of 
origin  as  the  virgula  in  Diplograptus,  That  a  virgula  corresponding 
to  that  in  Diplograptus  and  Monograptus  cannot  occur  in  the  families 
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and  genera  first  enamerated,  resalts  from  tbe  mode  of  origin  of  the 
Rame.  as  a  prolongation  of  the  initial  part  of  the  sicola. 

Tornqnist  (Siljansomradets  Grapt,  i,  p.  16)  has  already  pointed 
out,  in  the  descriptions  of  Didijmograptus  minuiuB,  Tdmq.,  that  the 
thread-like  prolongation  of  the  sicula  most  nearly  corresponds  with 
the  virgula  in  the  genera  Diplograptua  and  Monograptus,  That 
this  must  he  the  case  is  evident  from  Winian's  description  of  tbe 
origin  of  the  virgula  from  the  sicula  in  Diplograptus,  Whilst  it 
has  been  previously  su]>posed  that  the  virgula  extended  lengthways 
along  one  side  of  the  sicula,  and  therefore  in  the  developed  polypary 
often  formed  a  free,  thread-like  prolongation  of  the  proximal  as  well 
as  the  distal  end  of  the  same,  Wiman  has  shown  that  the  virgoU 
of  the  sicula,  in  the  sense  which  he,  in  conformity  with  former 
authors,  gives  to  it,  is  not  continuous,  but  consists  of  two  separate 
parts.  The  one  of  these,  which  forms  the  beginning  of  the  tnie 
virgula,  stretching  throughout  the  whole  of  the  polypaiy,  originates 
iii8t  near  the  apex  of  the  sicula  as  a  prolongation  of  the  same,  and 
in  Diplograptus  is  embraced  and  comprised  within  it  by  reason  of 
the  direction  of  the  development  of  the  polypary.  It  is  this,  which 
corresponds  to  the  thread-like  prolongation  of  the  apex  of  the  sicula 
mentioned  above,  which  occurs  in  certain  species  of  Didymograpttu^ 
e.g.  D,  gibberulus,  Nich.,  where  it  extends  beyond  the  length  of  the 
branches. 

Since  the  apex  of  the  sicula  is  free,  as  is  the  case  in  tbe  above-cited 
Graptolite  forms,  a  virgula  cannot  consequently  occur  embedded 
in  the  dorsal  side  of  the  branches.  It  may  be  observed  that  in 
genera  in  which  the  sicula  is  embedded  in  the  polypary  a  virgula 
need  not  of  necessity  be  present. 

The  presence  or  the  absence  of  a  virgula  depends  on  whether  the 
initial  end  of  the  sicula  is  protracted  or  not.  Thus,  for  example,  the 
virgula  is  absent  in  PhyllograptuSy  and  such  has  hitherto  never  been 
oi)served  in  any  allied  species;  and  in  more  than  a  hundred  of  my 
isolated  or  otherwise  prepared  exe^m^les  of  Fhyllograptus  angustifoUuij 
llall,  in  which  the  internal  structure  can  be  studied,  no  trace  of 
a  virgula  has  ever  been  observed. 

The  second  of  the  forms  referred  to  the  virgula  by  Wiman 
consists  of  a  cylindrical  chitinous  thread,  which  originates  as 
a  result  of  growth  within  the  apertural  end  of  the  sicula,  at  some 
distance  from  the  initial  portion.  This  later  structure  stands  evi- 
dently in  no  relation  whatever  to  the  real  virgula,  but  may 
be  regarded  as  an  apertural  spine. 

The  presence  of  a  virgula  has,  curiously  enough,  hitherto  been 
considered  as  the  main  character  of  Graptolites.  Thus,  for  example, 
Lu] t worth  ^  characterizes  the  sub-order  Rhabdophora  as  follows: 
•'  Hvfiroiria  in  which  the  polypary  is  strengthened  by  a  chitinous 
filiform  virgula."  Zittel  *  also  emphasizes  the  presence  of  a  virgula 
in  the  sub-order  Graptoloidea,  and  says:  **  Through  the  possession  of 
a  virgula,  Graptolites  differ  from  all  other  Hydroida."     The  generally 

1  Geol.  Mag.,  Vol.  X,  1873,  p.  656. 
»  Ilandb.  der  Pal.,  p.  293. 
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accepted  opinion  concerning  the  presence  or  absence  of  a  virgula 
in  ail  GrapboliteSi  although  such  was  never  described  or  expressly 
mentioned,  except  in  the  groups  Diplograptidse,  Monograptidsd,  and 
BetiolitidsB,  might  be  explained  by  the  two  folio  wing  circumstances : — 
One  of  these  is  that  Barrande  only  knew  of  forms  with  a  virgula, 
with  the  exception  of  Reliolites,  in  which  genus  he  certainly  had 
observed  the  chitinous  filament  named  by  later  authors  "a  straight 
virgula,"  but  referred  it  to  the  outer  network.  He  began  his  chapter 
on  the  virgula  (solid  axis)  thus :  "  Graptolites  are  always  provided 
with  a  virgula."'  Through  his  authority  he  might  so  have  influenced 
later  authors  that  his  representations  concerning  the  virgula  became 
a  creed.  The  other  circumstance  might  be  that  broken  branches  of 
Dichograptidae  have  long  been  confused  with  species  of  Monograptiis 
in  which  the  virgula  is  really  present,  hence  the  absence  of  the 
virgula  in  the  former  has  never  been  questioned. 

How  strongly  the  idea  of  the  presence  of  a  virgula  in  all  true 
Graptolites  has  taken  root  is  best  shown  by  the  fact  that  so  keen 
and  critical  an  observer  as  Brogger'  was  disposed  to  admit  the 
presence  of  a  virgula  in  Diciyoiiema  and  Bryograptus,  although  he 
had  never  observed  it  in  these  forms. 

Genus  Didymogbaptus,  M'Coy.     PI.  XIV,  Figs.  1-3,  7,  8. 

Concerning  the  structure  of  the  proximal  part  of  Bidymograptus, 
one  finds  hardly  anything  mentioned  in  literature,  and  in  the  figures 
of  its  species  the  proximal  part  is  in  the  greater  number  of  cases  so 
inconspicuously  or  indefinitely  indicated,  and  figured  only  from  one 
side,  that  no  definite  conclusions  can  be  drawn  as  to  its  structure. 
One  exception  is  Moberg's  description  of  Bidymograptus  gihherulus, 
Nich. — **Nyagrapt.  fr^n  Sk&ne,"  p.  339,  pi.  viii — for  which, 
however,  Moberg,  in  ignorance  of  the  true  structure  of  the  Didymo* 
grapiua  polypary,  and  misinterpreting  the  characters  in  the 
incomplete  material  at  his  disposal,  founded  a  new  genus, 
liograptus.  As  will  be  seen  below  after  the  description 
of  the  Didymograptus  polypary,  Moberg's  description  and  figures, 
properly  interpreted,  show  clearly  that  the  proximal  part  of 
hograptus  gibberulua  completely  agrees  with  that  of  the  genus 
Didymograptus.  Some  observations  about  the  JDidymograptuB 
polypary  are  mentioned  further  by  Tornquist  (Siljansomr^dets 
Grapt.,  i,  p.  15).  Concerning  the  sicula,  Turnquist  remarks  that  it 
seems  sometimes  as  if  it  **  had  been  divided  first  by  an  oblique  wall 
into  two  parts,  and  as  if  each  part  sent  out  a  separate  branch." 
The  figures  of  the  proximal  part — figs.  8,  12,  and  14 — which  all 
show  the  sicula  side,  indicate  that  it  is  the  sicula  and  left  theca 
joined,  together  with  the  walls  between  them,  which  are  referred  to 
by  Tornquist.  Turnquist  states  further  that  the  sicula  ^*  keeps  its 
triangular  form,  and  by  a  conspicuous  wall  is  separated  from  both 
stipes,"  which  always  arise  ''at  different  levels  from  the  sides 
of  the  sicula,  and  seem  to  have  originated  by  a  kind  of  budding." 

»  Grapt.  de  Bohftme  (1850),  p.  4. 

>  Die  Silur.  Elagen,  2  u  3,  1882,  p.  37. 
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This  also  points  to  conclusions  drawn  cxolnsiTelj  from  the  sicnls 
side.  As  above  mentioned,  Tornquist  also  has  observed  the  thread- 
like process  sometimes  arising  from  the  apex  of  the  sicnla,  and  has 
rightly  indicated  that  the  nearest  correspondence  to  this  in  the 
genera  Diplograplus  and  MonograptuM  is  the  virgnla.  The  two 
species  of  Didymograptus  which  are  here  described,  are  both  from  the 
grey  glauconitic  Vaginatenkalk  at  Halluddeu,  near  Torp  in  Boda 
parish,  in  Gland. 

DiDTMOORAPTUS   MINUTU8,   Tomq.  Mut.     PI.  XIII,  Figs.  1-3. 

The  three  figures  give,  even  at  the  first  glance,  a  far  clearer 
picture  of  the  external  and  internal  structure  of  the  proximal  part 
than  any  description.  Fig.  1  shows  a  cast  of  the  sicula  side,  with 
the  partitions  appearing  as  dark  lines  on  the  rock  surface :  Figs.  2  and 
3  show  the  anti-sicula  side  in  reflected  and  transmitted  light,  so  that 
the  internal  walls  and  growth-lines  of  the  periderm  become  visible, 
and  also  a  simultaneous  picture  of  the  external  shape,  the  oourse  of 
the  growth-lines,  the  internal  divisions,  and  the  connection  between 
all  these  thus  obtained. 

The  apex  (initial  part)  of  the  sicula  is  broken  off.  All  over  the 
remaining  part,  and  the  polypary  besides,  conspicuous  and  regular 
lines  of  growth  can  be  seen.  The  passage  opening  for  the  canal 
arising  from  the  sicula  is  in  this  case  situated  nearer  the  apertural 
margin.  This  appears  in  Figs.  1  and  3  as  a  discontinuity  in  the  wall 
of  the  sicula.  The  canal  arising  from  the  sicula  exhibits  on  the 
anti-sicula  side  (Fig.  3)  a  peculiar  chai-acteristic  and  instructive 
arrangement  of  growth-lines,  showing  how  from  the  bud  in  the  left 
wall,  by  development  in  different  directions,  there  is  formed 
simultaneously  partly  the  "connecting"  canal,  which  lies  on  the 
dorsal  side  of  the  sicula,  and  partly  also  the  common  canal  of  the 
left  stipe.  Again,  the  left  theca  seems  here  to  be  completely 
separated  from  the  common  canal  by  a  wall  which  runs  with  the 
sicula  wall,  and,  without  a  break,  stretches  to  the  aperture  of  the 
theca  (interthecal  wall  between  left  theca  and  the  succeeding  theca). 
This  is  confirmed  by  the  lines  of  growth,  which,  on  different  sides 
of  the  wall,  do  not  stand  in  any  relation  to  one  another. 

On  the  sicula  side  (Fig.  1),  on  the  contrary,  matters  are  seen 
from  the  cast  to  be  quite  different  The  canal  arising  from  the 
sicula  is  here  in  free  and  open  connection  with  the  lelt  theca,  in 
that  the  interthecal  wall,  mentioned  on  the  anti-sicula  side,  takes  its 
origin  at  first  nearer  the  middle  of  the  left  theca.  From  this  it 
follows  that,  simultaneously  with  the  two  above-mentioned  canals, 
the  left  theca  is  also  developed  from  the  bud  on  the  sicula,  but 
that  the  development  of  the  same  proceeded  from  the  sicula  side, 
where  the  connection  exists. 

The  interthecal  wall  between  the  left  theca  and  succeeding  theca 
— the  proximal  part  of  the  common  canal  is  therefore  formed  falsely 
{sh'ft)  as  well  as  obliquely — ends  on  the  anti-sicula  side,  and  opens 
towards  the  common  canal  on  the  sicula  side.  ITie  left  theca,  in 
consequence  of  this,  as  shown  by  its  outlines  (Figs.  2  and  3),  has 
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a  narrow  and  sack-sbaped  termination  on  the  anti-sicula  side.  From 
all  this  it  follows  that  the  left  branch  near  its  proximal  part  is  not 
"bilaterally  symmetrical,"  in  opposition  to  what  Moberg  believed 
was  the  case  in  the  genus  Didymograptus  (Nyagrapt.  fr&n  8k&ne, 
p.  346).  The  development  of  the  following  thecsa  on  the  left  branch 
seems  to  be  regular.  The  "  connecting  "  canal,  from  which»  on  the 
opposite  side  of  the  sionla  (right  side),  the  right  theca  and  common 
canal  of  the  right  branch  arise,  crosses  the  sioula  somewhat  obliquely, 
so  that  the  right  branch  comes  to  originate  somewhat  nearer  the 
aperture  of  the  sicnla  than  does  the  left  branch.  The  lines  of 
growth  on  the  connecting  canal  are  quite  continuous  with  those  on 
the  right  branch.  It  appears  from  Fig.  3  that  the  connecting  canal 
is  really  separate  from  the  sicula.  At  different  foci  under  the 
microscope  the  growth-lines  of  both  can  be  seen  crossing  one 
another.  In  the  broken  and  ragged  part  of  the  connecting  canal 
the  growth-lines  of  the  sicula  alone  are  shown.  Also  in  the  forms 
preserved  in  relief  of  the  anti-sicula  side  (Fig.  2)  the  "  connecting  *' 
canal  appears,  and  its  passage  into  the  canal  from  the  sioula  and 
common  canal  of  both  branches  is  very  conspicuous.  The  aperture 
of  the  sioula  is  always  bent  to  the  same  quarter  as  the  apertures 
of  the  thec8B  of  the  right  branch. 

DiDYMooRAPTUS  OBA0ILI8,  Tomq.  Mut    PL  Xin,  Figs.  7,  8. 

This  specimen  has  not  been  found  transparent,  but  the  same 
position  of  relief  as  in  Didymograptua  minuius,  Mut.,  is  shown  on  both 
sides.  Fig.  7,  sicula  side;  Fig.  8,  anti-sicula  side.  The  ''connecting" 
canal  is  here  conspicuous;  the  proximal  end  of  the  sicula  shows 
a  fine  initial  apex. 

{To  bt  continued  in  owr  next  Number^ 

II. — A  Restoration  of  Hyjsnodon. 

By  Prof.  W.  B.  Scott,  F.G.S. 

(PLATE  XIIa.) 

TTTjENODON  is  one  of  the  genera  of  fossil  mammals  which 
has  been  for  a  long  time  imperfectly  known.  Excellently 
preserved  skulls  have  been  described  and  figured  by  Leidy  and 
Filhol,  and  some  of  the  limb-bones  and  vertebras  by  De  Blainville 
and  Schlosser.  Material  was,  however,  lacking  for  a  satisfactory 
restoration  of  any  of  the  species,  and  the  specific  reference  of  the 
scattered  bones  found  has  always  remained  more  or  less  uncertain. 
In  the  season  of  1894  Mr.  Hatcher  had  the  good  fortune  to  discover 
in  the  White  Hiver  beds  (Oligoceue)  of  South  Dakota  a  number 
of  remarkably  fine  specimens  pertaining  to  several  species  of 
Myanodan,  which  at  length  enable  us  to  gain  an  idea  of  the  appear- 
mnce  of  this  most  remarkable  animal. 

The  accompanying  figure  (Plate  XIIa)  must  at  once  strike  everyone 
as  altogether  grotesque  and  improbable,  and  were  it  not  so  largely 
drawn  from  the  remains  of  a  single  individual  found  together  in  one 
block  of  matrix,  I  should  not  venture  to  publish  it*   To  this  individual 
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\ftArfn%  the  tknl!,  neck ;  nine  thoracic,  foor  lomhar,  two  iMnI,  ind 
two  caudftl  verxthrm ;  the  ficapaU,  ulna,  radios,  and  part  of  the 
carpuji ;  the  femnr.  tihU,  fibala,  and  part  of  the  pea.  The  mianoi^ 
Terfebra;  were  nttUfred  fr^m  a  6eoond  specimen  which  had  the  ikall, 
all  tlie  preaacral  vertebraE;,  tibia,  fibola,  and  hind  fooL  This  if 
a  voting  anirnal,  «till  retaining  the  milk  dentition,  and  ia  Terr  pro- 
bably referable  to  the  same  sfiecies  (H,  cmemttu,  Leidj)  as  the  fiist. 
Another  a'lult  specimen  of  the  same  species,  slightly  larger  than  ths 
first,  onsiHts  of  the  mandible,  axis,  humerus,  ubia,  pelvis^  and  femar, 
and  allows  the  proffer  proportions  to  be  accurately  observed 
Other  more  or  less  fragmentary  skeletons,  representing  various 
species,  lead  to  similar  results,  though  it  yet  remains  to  be  de- 
termined how  far  the  European  species,  which  exhibit  certain  ooq- 
atant  difftsrences  from  the  American,  were  characterized  by  the  same 
remarkable  api^earance. 

As  compared  with  any  of  the  recent  Camivora,  the  head  of 
JfycBtiffdfm  seems  large  out  of  all  proportion  to  the  body  and  limbs, 
the  neck  short,  the  back,  especially  the  lumbar  region,  quite  long, 
the  tail  short,  the  limbs  short  and  slender,  and  the  feet  weak. 

l*be  characteristic  and  peculiar  physiognomy  of  the  head  is  already 
familiar  and  needs  no  further  description.  The  neck  seems  very 
slmrt  and  slender  to  carry  the  weight  of  the  large  bead,  its  length 
Ixiing  hardly  more  than  two-thirds  that  of  the  skull.  The  axis  is 
the  only  cervical  vertebra  which  is  strongly  developed,  possessing 
a  large  spine ;  the  others  are  weak. 

The  thorax  is  small,  when  compared  with  the  skull,  but  measured 
by  any  other  standard  is  quite  large  and  capacious.  The  vertebral 
spines  are  developed  much  as  in  the  Carnivora,  and  the  transverse 
processes  and  rib-tubercles  are  very  conspicuous.  The  lumbar 
region  is  (piito  long  and  powerful,  the  vertehraa  having  massive 
centra,  long  and  heavy  spines,  transverse  processes,  etc.  These 
frntureH  are  most  marked  in  H.  horridna;  the  smaller  species  have 
much  less  massive  loins  and  evidently  feebler  muscles.  The  whole 
back,  from  the  neck  to  the  sacrum,  is  strongly  axled  upward,  and  its 
parts  are  articulated  together  with  unusual  flexibility'  and  strength. 
The  tail  is  rather  short  and  slender,  and  has  about  the  same  relative 
length  as  in  the  raccoons. 

The  sca])ula  is  small  and,  though  with  many  peculiarities  (espe- 
cially the  shape  of  the  acromion),  has  a  shape  not  unlike  that  found 
in  the  dogs,  l^he  humerus  is  short  and  slender,  and  the  fore-arm 
bones  still  more  so,  though  the  ulna  is  relatively  little  reduced  and 
has,  as  in  nearly  all  creodonts,  a  very  promineut  olecranon.  Tl»e 
mtmus  is  small,  short,  and  broad,  with  £ve  spreading  digits  and  short 
phalanges,  terminated  by  heavy  claws. 

The  pelvis  is  decidedly  large,  even  when  compared  with  the 
overgrown  skull,  and  has  an  expanded,  flattened  ilium,  more  car- 
invon>U8  than  creodont  in  appearance.  The  femur  considerably 
exceeds  the  humerus  in  length,  but  is  light  and  slender  and  has 
nearly  lost  the  third  trochanter.  The  tibia  is  short,  though  much 
longer  than  the  radiUB,  ^cnd  Uiq  &bula  is  stout,  with  expanded  ends. 
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The  pes  is  pentadactyl,  and  the  gait  was  probably  semi  plantigrade, 
like  that  of  many  of  the  recent  viverrines.  The  remarkable  pecu- 
liarities of  Hycenodon  may,  as  Filhol  has  suggested,  perhaps  find 
their  explanation  in  the  aquatic  habits  of  the  animal. 

The  structure  of  the  European  species  of  this  genus  is  not  nearly 
so  completely  known  as  is  that  of  the  American.  In  dentition  and 
skull  structure  the  two  groups  of  species  are  nearly  identical,  and 
probably  the  characters  of  the  rest  of  the  skeleton  corresponded  as 
closely.  In  two  points,  however,  the  European  forms,  so  far  as 
they  are  known,  deviate  from  the  American  :  (1)  in  the  presence  of 
an  alisphenoid  canal,  and  (2)  in  the  formation  of  a  scapho-lunar 
bone  in  the  carpus  by  the  coalescence  of  the  scaphoid,  lunar,  and 
central,  which  in  the  American  species  remain  permanently  separate. 

This  is  hardly  the  place  to  enter  upon  a  discussion  of  the  relation- 
ships and  phylogenetic  descent  of  HyoBuodon.  It  may  be  mentioned, 
however,  that  the  problem  is  much  modified  by  the  discovery  of 
Bycenodon  in  the  American  Upper  Eocene  (Uinta  beds),  recently 
announced  by  Osborn  and  Wortman. 

Gbolooical  Museum  op  Princbton  Univeesitt, 
Auyutt  I2th,  1895. 


III. — Ebvibw  of  the  Evidence  for  the  Animal  Nature  of  Eozooh 

Canadrnse. 

By  Sir  William  Dawson,  K.C.M.G.,  LL.D.,  F.R.S.,  etc. 
I.    Historical   and    Stratigraphioal. 

THE  writer  of  these  notes  had  hoped  to  have  been  able  long  ago 
to  let  the  vexed  questions  respecting  Eozoon  repose  in  peace 
in  so  far  as  he  was  concerned,  and  he  is  now  induced  to  offer 
a  short  summary  of  the  evidence  in  the  case  only  with  the  view  of 
correcting  some  misapprehensions  that  seem  to  have  arisen  in  regard 
to  points  well  established,  and  which,  independently  of  any  question 
as  to  the  nature  of  Eozoon,  belong  to  the  certain  data  of  geology. 
These  misapprehensions  lead  to  the  confounding  of  the  structures 
originally  discovered  by  Logan  with  things  in  no  way  related  to 
them,  and  from  which  they  had  been  clearly  distinguished  by  my 
own  original  studies,  and  by  those  of  Hunt,  Carpenter,  and  Kupert 
Jones*  New  facts  relating  to  pre-Cambrian  life  have  also  been 
coming  to  light  from  time  to  time,  and  many  of  these  are  connected, 
either  directly  or  indirectly,  with  the  evidence  respecting  Eozoon. 

As  early  as  1858,  Sir  William  Logan  had  begun  to  suspect  that 
the  Stromatoporoid  forms  collected  from  the  great  Lauren tian  lime- 
stones in  different  parts  of  Canada  must  be  of  organic  origin,  and 
he  ventured  to  mention  them  as  possibly  of  this  nature  at  the 
meeting  of  the  American  Association  in  1859,  and  in  his  General 
Heport  on  the  Geology  of  Canada  in  1863.  The  evidence  on  which 
he  relied  was  their  occurrence  only  in  the  limestones,  their  similarity 
in  form  and  general  structure  to  the  StromatoporsB,  or  **  Layer- 
Corals"  of  the  Palceozoic,  and  the  circumstance  that,  while  the 
forms  and  stractores  seemed  to  be  identical,  they  were  mineralized 
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by  Serpentine,  Loganite,  Pyroxene,  and  Dolomite,  an  indioation 
that  a  similar  mould  had  been  filled  by  diverse  minerals. 

At  that  time  the  little  leisure  I  could  spare  for  original  work  was 
occupied  with  Carboniferous  and  Pleistocene  geology,  and  I  had 
no  ambition  to  invade  the  great  and  difficult  pre- Cambrian  districts 
of  Northern  Canada  any  farther  than  might  be  necessary  to  my 
work  as  a  teacher  of  geology.  In  the  interest  of  that  work,  how- 
ever, I  had  gone  over  considerable  portions  of  the  Laurentian  and 
Huronian  districts  surveyed  by  Logan  and  Murray,  with  the  aid 
of  their  maps  and  reports,  and  had  satisfied  myself  of  the  great 
accuracy  of  their  work,  which  led  in  my  judgment  to  the  following 
results:  — 

(1)  lliat  the  upper  part  of  the  Lower  Laurentian  of  Logan,  since 
called  the  Grenville  Series,*  consisted  of  truly  stratified  metamorphio 
rocks,  including  great  and  extensive  deposits  of  limestone,  qnarteite, 
iron-ore,  and  other  rocks,  evidently  of  aqueous  origin,  and  that  the 
condition  and  crystalline  and  chemical  characters  of  these  rocks 
were  not  essentially  different  from  those  of  the  altered  Palaoozoio 
beds  with  which  I  was  familiar  in  Nova  Scotia  and  New  England. 

(2)  That  the  Huronian,  a  less  disturbed,  less  altered,  and  in 
the  main  evidently  a  clastic  series,  rested  unconformably  on  the 
Laurentian,  and  was  in  part  composed  of  its  materials. 

(3)  That  the  "  Upper  Copper- bearing  series  "  of  Lake  Superior, 
since  known  as  Eewenian,  was  newer  than  the  Huronian,  but  older 
than  the  oldest  fossiliferous  Cambrian  rocks  then  known  in  Canada. 

(4)  That,  while  the  Kewenian  and  Huronian  rocks,  and  those 
designated  by  Logan  as  Upper  Laurentian,  indicated  by  the  presence 
of  igneous  masses,  and,  in  the  case  of  the  two  former,  by  the 
prevalence  of  coarse,  clastic  material,  littoral  conditions  and  much 
volcanic  disturbance,  the  still  older  Grenville  Series  was  of  a  character 
more  indicative  of  long-continued  quiescence,  accompanied  by  the 
accumulation  of  great  calcareous  deposits,  possibly  of  organic  origin. 

These  conclusions  were  noticed  in  papers  contributed  to  local 
societies,  in  published  lecture-notes,  and  in  class-teaching,  and  were 
frequently  discussed  with  Logan  and  Hunt.  Accordingly,  when,  in 
1863,  at  the  urgent  request  of  Logan,  I  undertook  the  microscopic 
examination  of  large  series  of  his  supposed  Laurentian  fossils  and 
the  containing  limestones,  as  well  as  of  other  crystalline  limestones 
of  various  ages,  slices  of  which  he  had  caused  to  be  made,  I  was 
not  unprepared  to  find  the  curious  and  beautiful  structures  which 
deveIoj)ed  themselves  in  his  Stromatoporoid  forms,  and  in  portions 
of  the  limestone  in  which  they  were  contained,  but  which  appeared 
to  resemble  those  of  Foraminifera  rather  than  those  of  Corals. 

The  results  thus  attained,  in  1864,  were  not  fully  published  until 
after  Logan  was  prepared  to  sustain  them  by  detailed  maps  and  sections 
of  the  district  on  the  Ottawa  cQutaining  Eozoon,  a  work  extending? 
over  many  years  of  arduous  and  skilful  labour ;  and  until 
Dr.  W.  B.  Carpenter  and  Prof.  Rupert  Jones  had  studied  the 
original  specimens  and  others  prepared  for  themselves,  along  with 

1  By  Dr.  Sterry  Hunt. 
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my  notes,  and  camera  drawings  prepared  by  the  artist  of  the 
Geological  Survey.  Dr.  Sterry  Hunt  had  also  examined  chemically 
the  serpentine  and  other  minerals  associated  with  the  supposed 
fossils,  and  various  hydrous  silicates  mineralizing  organic  remains 
in  Silurian  and  other  limestones,  as  terms  of  comparison.  The 
whole  was  then  communicated  to  the  Geological  Society  of  London, 
and  appeared  in  the  somewhat  elaborate  joint  paper  published  in 
1865. 

[But  a  preliminary  account  entitled  "On  the  occurrence  of 
Organic  Eemains  in  the  Laurentian  Rocks  of  Canada,"  by  Sir  W.  E. 
Logan,  F.R.S.,  F.G.S.,  with  communications  on  the  structure  by 
J.  W.  Dawson,  LL.D..  F.R.S.,  and  on  the  Mineralogy  of  the  same 
remains  by  T.  Sterry  Hunt,  F.R.S..  had,  however,  been  communicated 
to  the  British  Association  at  Bath,  Sept.  15-21,  1864,  and  was 
subsequently  published  in  the  Geologioal  Magazine,  Vol.  I,  for 
November  1864,  pp.  225-227.] 

I  confess  that  in  the  intervening  time  I  have  seen  no  good  reason 
to  induce  me  to  doubt  the  essential  validity  of  the  work  embodied 
in  this  paper  of  1865,  or  to  modify  to  any  considerable  extent 
the  conclusions  therein  stated.  On  the  other  hand,  many  new  and 
confirmatory  facts  have  been  disclosed,  and  after  careful  and,  I  trust, 
candid  study  of  the  objections  raised,  down  to  those  which  have 
recently  appeared  in  the  Dublin  Transactions,  I  believe  that  they 
largely  depend  on  want  of  knowledge  of  the  character  of  the 
Grenville  formation,  and  on  misapprehension  as  to  the  form  and 
structure  of  Eozoon  and  its  mode  of  occurrence. 

It  is  true  that  in  those  members  of  the  Laurentian  system  of 
Logan  which  are  below  and  above  the  Grenville  Series,  later  obser- 
vations have  not  only  failed  to  detect  fossils,  but  have  shown  valid 
reasons  adverse  to  the  probability  of  their  occurrence,  at  least  in 
the  portions  of  those  formations  hitherto  open  to  our  study.^ 

The  lowest  Laurentian  gneiss  of  Logan  (Trembling  Mountain 
gneiss,  Ottawa  gneiss,  fundamental  gneiss),  which  occupies  a  vast 
area  in  Northern  Canada,*  and  is  the  only  part  of  the  system  known 
to  many  geologists,  consists,  so  far  as  known,  wholly  of  foliated 
or  massive  orthoclase  gneiss,  with  bands  of  hornblendic  schist 
(amphibolite),  and  of  homblendo-micaceous  schist  While  in  some 
places  it  appears  to  have  a  truly  bedded  structure,  especially  where 
different  varieties  of  gneiss,  amphibolite,  and  biotitic  schist  alternate, 
in  others  its  foliation  is  obscure,  or  seems  to  have  been  induced  by 
heat  and  pressure.  Dr.  F.  D.  Adams,  who  has  given  much  study 
both  to  its  charactei*s  on  the  large  scale,  and  to  the  microscopic 
structure  of  the  rocks,  in  his  latest  publication  on  the  subject' 
characterizes  it  as  a  complicated  series  of  rocks  of  unknown  origin^ 

'  See  Gbolooical  Magazine,  June,  1895. 

'  According  to  the  geological  map  of  Northern  Canada  prepared  by  Dr.  G.  M. 
Dawson  for  the  Geological  Survey,  the  area  of  Laurentian  rocks  exceeds  two 
millions  of  square  miles.  Of  this,  so  far  as  is  knoiiv-n,  the  older  or  fundamental 
gneiss  occupies  by  far  the  larger  portion. 

'  American  Journal  of  Geology,  toI.  i.  No.  4,  1893. 
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but  comprising  a  oonsi^erAble  amount  of  intrasiTe  material.  Ha 
regnriis  it  as  either  tbe  remains  of  a  primitive  orust  penetrated  bj 
much  igneous  matter,  or  as  a  series  of  altered  rocks  older  than  the 
Grenville  Series,  and  formed  nnder  different  conditions.  In  snj 
case  it  seems  to  want  the  evidenoes  of  ordinary  aqaeons  depoution 
presented  by  the  hmestonea  ironstones  quarlzit«s,  and  schists  of 
tbe  Grenville  Series  Similar  Mews  were  advocated  in  my  addrew 
on  the  "  Geological  History  of  the  Atlantic, '  before  tbe  British 
Association,  ii  ' 


Fio.  1.— Distribiiliim  of  Gn^nvill-  Limestone  in  the  district  north  of  P:i;>in";iovi[le. 
with  necliun  shiiwinjt  iiiTiiii);i:iasut  of  tlie  Iwtls.     Stale  ni  ninp  7  luilcs  i*  "D 
ineh.     (S«b  iili«>  Dr.  Bonm-j'g  pnper,  (Jeol.  Mao.,  July  18ui,  ]).  21)5.) 
riutii'd  aroa :   LimHtone. 

Ilnriznntal  linni:  Upper  |nieh«  (fourth  ^ns»  of  Lo^nn]. 
Verlieiil  linm:   linwer  Rleiiw  illiird  aoeins  of  I/)fr:mi. 
Dinftonal  lilies  ;  Overljing  Camhriim  uiid  Cam bro- Silurian  [Onlovicion!. 

Tbe  Upper  Laiirentinn  of  Logan  (Labradorite,  Anorthosite,  or 
Norian  Series),  supposed  by  him  to  overlie  the  Grenville  Series 
iincitnformably,   is    now  stated  by  Adams   to   consist  of    eriiiitive 

>  Se«  11I90  Museum  Memoir  on  Eozotin,  pp.  2,  3.     Montreal,  18S8, 
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matter,  mainly  oomposed  of  triclinio  or  lime  felspars,  and  to  which 
the  name  Anorthosite  ^  may  properly  be  applied.  These  rocks, 
cutting  the  Grenville  Series,  and  apparently  in  some  places  inter- 
bedded  with  it,  are  not  now  re^rded  as  a  distinct  series  of  beds,  but 
as  indicating  local  outbursts  of  igneous  action  dating  about  the  close 
of  the  Grenville  period.  What  aqueous  rocks  may  have  been  con- 
temporaneous with  them,  or  may  have  filled  the  interval  between 
the  Grenville  Series  and  the  Huronian,  we  do  not  at  present  certainly 
know,  though  possibly  some  of  the  rocks  associated  with  the  upper 
part  of  the  Lauren  tian,  or  the  lower  part  of  the  Huronian  in  the 
interior,  and  in  the  eastern  part  of  Canada,  may  come  into  this 
place.^ 

It  is  to  be  observed  that  in  1865  these  facts  respecting  the 
fundamental  gneiss  and  the  Upper  Laurentian  of  Logan,  were 
not  distinctly  before  our  minds,  though  in  subsequent  papers  I 
thought  it  best  to  consider  the  Grenville  group  as  a  distinct  series 
under  the  name  "  Middle  Laurentian."  It  is  quite  possible,  how- 
ever, that  our  referring  in  the  first  instance  to  the  Laurentian  as 
a  whole,  may  have  led  to  erroneous  impressions. 


a    ~ 


b 
d 


C 


Fig.  2. — Topography  at  Cote  St.  Pierre,  from  the  N.E.     (For  Bection  see  Dr. 

Boiiney*8  paper,  Geol.  Mao.,  July  1895,  p.  296.) 

(a)  Lower  pneiss.    («')  The  same  broupfht  forward  by  fold. 

(b)  Limestone  (Lome's  Quarry),     {b')  The  same,  exposure  on  La  Vigne's  farm. 
(r)  Jjimestone,  mostly  covered  with  soil. 

(d)  Pond  or  small  laKe. 

For  the  purpose  of  these  notes,  therefore,  it  will  be  best  and  most 
accurate  to  confine  ourselves  to  the  Grenville  Series,  which  has 
been  carefully  explored  and  mapped  by  the  officers  of  the  Geological 
Survey  in  the  country  lying  north  of  the  Ottawa  River,  and  also  in 
some  parts  of  the  areas*  between  that  river  and  the  St.  Lawrence. 
In  these  regions  Logan  recognized  a  thickness  of  17,250  feet  of 
deposits,  of  which  no  less  than  4,750  feet  consisted  of  limestone, 
principally  in  three  great  bands,  though  with  intercalated  gneissose 

*  Proposed  by  Hunt. 

'  Some  of  these  beds  are  regarded  by  Von  Hiso  (Amer.  Joum.  of  Geology,  vol.  i) 
as  a  lower  member  of  the  Huronian.  They  may  also  be  identical  in  part  with 
the  ''Kewatin*'  group  of  Lawson. 
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kyen.  The  Grenville  Series  ma;  thus  be  regarded  m  one  of  ths 
great  calcaraoua  sjutemH,  comparable  with  those  of  the  FalBoioio 
period,  which  it  also  rivals  in  its  association  with  carbonaoeoiu 
and  ferruginous  deposits.     Though  minute  globular  fonn%  piobabl; 


.,JvPr^S^\'ii>"'i»"".'.'.^Km 


Fio.  3. — AmofreiDeiit  of  beds  id  Tsller  of  Calnmet  Birer — (a)  Upper  pnon; 
{h)  Limestone  paitlj  coTered  witli  coil ;  (e)  Inctnded  bed  of  gneio ;  [i)  Lots 
gnein. 

organic,  have  been  fonnd  in  the  Middle  Limestone,  that  of  Long 
Lake,  Eozoon  proper  is  confined,  so  far  as  known,  to  the  Upper 
Limestone,  known  specially  as  the  Orenville  Band.  This  band  snd 
its  aocompaniments  I  have  myself  studied  in  the  region  north  of 


the  Ottawa,  at  the  Augmentation  of  Grenville,  near  the  Calumet,  in 
tlie  qunrries  opposite  Lachute,  at  Cote  St.  Pierre,  at  Montebello,  at 
Biickingimm,  and  Templeton,  as  well  as  in  some  of  the  dislrieis 
west  of  the  Ottawa,  where  the  same  limestone  is  siipposed  to  recur. 


Fio.  6. 

FiR-t,  4  nnd  h. — Bent  nod  iti^ilQcnted  Qiinrizite,  ii^  ronlorted  schi«t»  intFr$( ratified 

witli  Grenville  Limeirtoni!,  near  Moulcbellu.     Tlie  qiinrtiilt'B  hoTe  been  hr'tti 

und  diH;>1iiced.  nhile  llie  eclii^  have  liecn  beiil  nod  tKi»l«d.     In  the  inuuedinl' 

viiinilj  the  wnnie  beds  may  be  seen  aliphllj  inclined  and  uudislurbed. 

Everywhere  it  is  a  large  and  regular  bed,  sometimes  with  e^en 

strike  and  dip,  but  at  intervals  thrown  into  violent  contortions  along 

with  the  enclosing  beds,  in  the  manner  usually  seen  in  disturbed 

strata  of  later  age,  where  it  is  common  to  find  portions  little  affected 


Sir  W.  Datcsan — T/te  Anvnal  Nature  qfJSazodn.         449 

by  plication  alternating  with  strongly  folded  ])e<l8  having  the  harder 
ones  dislocated ;  others  are  merely  bent  or  folded  (Figs.  4  and  5). 
[t  presents  subordinate  beds  of  different  qualities,  dolomitio,  serpen- 
tinous,  or  graphitic,  and  is  immediately  associated  with  thin-bedded, 
6ne-grained  gneisses,  quartzite,  and  biotitic  and  hornblendio  schists. 
In  some  beds  it  has  disseminated  crystals  of  minerals  usually  found 
in  raetamorphic  limestones,  while  in  others  there  are  amoretionary 
masses,  nodules,  and  grains  of  serpentine  and  pyroxene.  Eozoim 
in  masses  occurs  only  in  certain  layers,  most  frequently  in  those 
which  are  serpentinous,  but  a  careful  examination  detects  in  many 
layers,  not  showing  perfect  examples  of  Eozoon,  small  fragments  or 
patches  having  its  characteristic  structures,  or  detached  chamberlets 
or  groups  of  these,  llie  occurrence  of  these  fragments  I  regard  as 
an  important  fact,  and  as  showing  that  what  may  be  termed  "Eozoon 
sand  *'  enters  largely  into  the  composition  of  the  limestone. 

In  illustration  of  this  part  of  my  subject,  I  present  a  rough  map 
of  the  district  near  the  Petite  Nation  River,  in  rear  of  Papineauville, 
referred  to  by  Dr.  Bonney  in  his  valuable  paper  in  the  July  Number 
of  this  Magazine,  and  in  addition  to  the  section  given  in  his  paper, 
one  showing  the  order  of  succession  in  the  valley  of  the  Calumet, 
A  little  stream  some  distance  to  the  eastward.  I  also  give  examples 
of  the  manner  in  which  the  associated  gneiss,  though  often  very 
regular,  is  along  certain  lines  contorted,  and  the  manner  in  which, 
in  these  contorted  spots,  the  quartzite  bands  are  cracked  and  broken, 
exactly  as  may  be  observed  in  the  shales  and  sandstones  of  the 
Quebec  group  on  the  Lower  St.  Lawrence. 

I  may  add  here  that  Dr.  Adams  has  found  that  in  certain  localities 
the  rocks  of  the  Grenville  Series  become  almost  horizontal,  though 
even  in  this  case  they  show  evidence  of  having  been  subjected  to 
much  alteration  and  to  lateral  pressure. 

The  summary  of  facts  above  given  should,  I  think,  be  sufficient  to 
show  that  in  the  case  of  the  Grenville  limestone  we  have  phenomena 
which  cannot  be  explained  by  mere  pressure  acting  on  massive 
rocks,  or  by  segregation  of  calcite  from  igneous  rocks,  or  by  vein 
structures,  or  by  any  contact  structures  arising  at  the  junction  of 
Igneous  and  aqueous  deposits.  We  have,  on  the  contrary,  to  deal 
with  a  formation  which  indicates  that  in  the  early  period  to  which 
it  belongs  regular  sedimentation  was  already  in  full  operation.  The 
more  precise  vital  and  chemical  agencies  which  prevailed  in  the 
ocean  of  the  Laurentian  period  we  must  notice  later. 

I  have  merely  to  add  here  that  the  characters  assigned  above  to 
the  Grenville  Series  have  not  only  l)een  fully  corroborated  by  the 
recent  work  of  Adams  and  Ells  in  Canada,^  but  also  by  the  surveys 
of  Kemp  and  Smyth  in  the  more  disturbed  and  elevated  district  of 
the  Adirondack  Mountains  in  New  York.' 

We  have  thus  paved  the  way  for  the  consideration  of  evidence 
of  a  structural  and  chemical  character. 

{To  be  contiuMd.) 

I  AniericaD  Jonmnl  of  Gi^Iogy,  1893,  No.  4.   ^Vlso  Roports  Geol.  Sunr.  of  Canada. 
'  Bulletin  Geol.  Soc*.  of  America,  March  1895. 
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IV. — The  Olacial  Deposits  of  Abbbdeenshibk. 
By  Prof.  Edward  Hull,  M.A.,  LL.D.,  F.R.S. 

MR.  DUGALD  BELL,  F.Q.S.,  has  been  so  good  as  to  send  me 
a  copy  of  his  paper  on  the  "  Shelly  Clays  and  Gravels  of 
Aberdeenshire,"  *  on  which  I  beg  leave  to  offer  a  few  observations, 
as  it  deals  with  a  subject  in  which  I  take  much  interest,  namely, 
the  origin  and  mode  of  formation  of  such  deposits.  His  paper  is 
mainly  based  upon  one  by  Mr.  T.  F.  Jamieson,  of  Ellon,  also 
published  in  the  same  journal,'  and  on  a  recent  memoir  by  the 
Geological  Survey  of  Scotland.^  There  is  no  difference  amongst 
these  authors  of  any  importance  as  regards  the  structure  and  com- 
position of  these  post-Tertiary  deposits,  which  are  found  adjoining 
the  coast  of  Aberdeenshire;  and  they  may  be  briefly  described  as 
follows,  in  descending  order  * : — 

1.  Upper  Red  Clay  with  boulders,  and  a  few  marine  forms, 
1  to  15  ft. 

2.  Gravel  and  Sand  with  waterwom  pebbles  and  shells,  40  to  60  ft 

3.  Lower  Boulder-clay  ("Grey  rubbish"),  6  to  10ft 

As  regards  No.  3,  there  is  no  difference  of  opinion.  All  are  agreed 
that  it  is  the  product  of  the  great  ice-sheet — the  moraine  profonde — 
of  the  epoch  of  intensest  glaciation.  It  is  when  we  come  to  deal 
with  Nos.  2  and  1  in  the  above  series,  that  we  find  divergence  of 
opinion  amongst  the  authorities  quoted.  Thus,  Mr.  Jamieson  con- 
siders the  gravel  and  sand  (No.  2)  to  be  a  sort  of  **  moraine,"  though 
in  some  way  not  clearly  explained,  "  washed  "  or  reconstructed  under 
water,  owing  to  which  the  pebbles  have  lost  their  glaciated  sur- 
faces ;  in  fact,  the  pebbles  are  remarkable  for  the  absence  of  glacial 
striae,  which  one  would  have  supposed  was  strongly  indicative  of 
aqueous  action.  The  bedding  is  generally  rude  and  irregular,  but 
current-bedding  occurs  occasionally,  and  the  marine  shells  are 
almost  always  fragmental.  Notwithstanding  all  these  indications 
of  deposition  under  water,  Mr.  Jamieson  does  not  consider  that  the 
beds  indicate  submergence.  Mr.  Bell  concurs,  and  regards  the 
No.  2  series  as  the  product  of  land  glaciation  only  (p.  475).  On 
the  other  hand,  the  writer  of  the  Survey  Memoir  considers  this 
deposit  as  "evidence  of  inter-Glacial  submergence." 

I  may  here  pause  to  enquire  in  the  first  place  why,  if  No.  2 
deposit  has  an  identical,  or  similar,  origin  with  No.  3  (the  Lower 
Boulder-clay),  there  should  be  so  marked  a  distinction  between 
them  ?  It  certainly  requires  some  very  clear  demonstration  to  induce 
one  to  believe  that  one  ice-sheet  will  give  rise  to  a  stiff  unstratified 
clay  with  glaciated  stones  and  boulders ;  and  another,  to  a  rudely 
stratified  gravel  and  sand  in  which  the  pebbles  are  subangular  or 
rounded  and  destitute  of  glacial  strisa.     Even  Mr.  Jamieson  sees  the 

^  Quart.  Joum.  Geol.  Soc.,  Aug.  1895. 

*  Ibid.,  vol.  xxxviii. 

*  This  I  regret  to  say  I  have  not  seen  ;  but  rely  upon  Mr.  BelPs  quotations  there- 
from, which  I  doubt  not  are  correct. 

*  Very  clearly  represented  in  Mr.  Jamieson's  Coast- section,  ibid.  p.  151. 
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difficulty,  and  suggests  the  washing  and  rounding  process  above 
referred  to ;  but  if  this  were  carried  on  under  the  waters  of  the  sea 
it  involves  the  recognition  of  submergenoCy  a  view  borne  out  by  the 
presence  of  sea-shells. 

Next  we  have  to  consider  the  mode  of  formation  of  the  Upper  Red 
Clay  (No.  1)  which  is  found  overlying  the  gravel  and  sand  deposit 
(No.  2).  Mr.  Jamieson  considers  this  to  be  undoubtedly  the  pro- 
duct of  submergence  to  a  depth  of  some  800  feet;  but  Mr.  Bell 
rega];ds  it  as  of  purely  glacial  (or  land-ice)  origin.  It  is  not  sur- 
prising that  as  Mr.  Bell  regards  No.  2  as  the  product  of  land 
glaciation,  he  should  take  a  similar  view  with  regard  to  the  Upper 
Ked  Clay  with  boulders.  But  again  I  ask — why,  if  all  these  three 
deposits  are  the  products  of  similar  physical  agencies,  should  they 
assume  such  diversified  forms  as  to  be  capable  of,  not  only  definition 
under  different  terms,  but  of  illustration  along  the  line  of  a  sea-cliff 
under  very  different  modes  of  representation,  as  Mr.  Jamieson  has 
shown  ?  If  they  have  originated  from  one  and  the  same  agency, 
why  should  they  not  have  been  found  as  represented  by  a  solid 
mass  of  Boulder-clay  from  top  to  bottom?  The  same  or  similar 
conditions  would,  we  may  suppose,  have  produced  similar  results. 
Instead  of  three  deposits  superimposed  and  each  differing  from  the 
other,  we  might  have  expected  one  solid  ground-moraine  formation 
throughout.  Then,  in  order  to  maintain  the  purely  land-glacial 
origin  of  No.  1,  according  to  Mr.  Bell,  we  have  to  explain  in 
some  way  (to  myself  unintelligible)  the  presence  of  marine  forms, 
enumerated  by  Mr.  Jamieson,^  consisting  of  shells,  such  as  Astarte 
horealis,  Cyprina  islandicaf  Sazicava  sulcata,  etc. ;  remains  of  fishes, 
swimming  birds  (eider-duck),  seals,  starfishes  (Ophiura).  These 
forms  were  not  found,  it  should  be  observed,  on  or  near  the  surface, 
but  sometimes  imbedded  deep  in  the  clayey  mass.  No  doubt  Mr. 
Bell  would  reply  that  their  presence  is  to  be  accounted  for  by  sup- 
posing that  these  forms  were  carried  from  the  sea  to  the  land  by  the 
glacier.'  But  if  this  be  the  explanation,  I  would  observe  that  the 
ice  of  the  North  Sea,  whether  derived  from  Scandinavia  or  Scotland 
itself,  was  only  forced  over  the  land  while  the  North  Sea  was 
blocked  by  ice,  in  which  there  were  neither  shells,  starfishes,  nor 
probably  seals.  On  the  whole  it  would  seem  that  Mr.  Jamieson 
has  on  this  point  the  preponderance  of  the  evidence ;  and  if  so, 
considering  the  sub-glacial  conditions  under  which  the  Upper 
Boulder-cliiy  was  clearly  deposited,  it  does  not  seem  surprising  that 
in  the  waters  "  marine  life  was  far  from  abundant." 

It  seems  to  me  that  the  confusion  which  has  arisen  amongst  the 
neo-glacialists  regarding  the  glacial  phenomena  of  the  British  Isles 
is  largely  due  to  the  practice  of  confounding  aqueous  with  glacial 
deposits.     As  long  as  deposits,  such  as  No.  2  above,  consisting  of 

'  Supra  cit.y  p.  166. 

'  If  it  be  the  intention  of  Mr.  BeU  to  represent  this  by  his  map,  I  may  obf^erve 
that  on  comparing  the  lines  of  the  ice  movement  with  the  nrrowB  given  by  Prof. 
James  Geikie  in  his  map  in  the  *' Great  Ice  Age,''  they  are  almost  dways  at  right 
angles :  both  cannot  be  correct. 
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beds  of  sand,  gravel,  and  laminated  loam  or  day,  are  looked  upon 
BB  the  production  of  land -ice,  so  long  will  these  enthosiastic  glaoal- 
ists  fail  to  arrive  at  intelligible  conolasions  regarding  the  physical 
conditions  of  the  Glacial  period.  Is  it  not  mach  more  rational 
to  suppose  that  three  superimposed  deposits,  differing  in  composi- 
tion and  structure  from  each  other,  should  have  been  formed  under 
three  different  sets  of  conditions  rather  than  under  one  and  the 
same  or  similar?  And  in  the  case  of  the  Aberdeenshire  deposits 
surely  we  have  a  very  evident  succession  of  conditions,  such  as,  in 
brief:  Ist,  general  land  glaciation;  2nd,  submergence  in  sea-waten, 
during  which  the  rivers  brought  down  sand  and  gravel  from  the 
adjoining  emergent  lands  to  be  taken  up  and  distributed  over  the 
sea-bed ;  and  drd,  continued  submergence,  with  the  recurrence  of 
oold  conditions,  owing  to  which  the  snows  and  glaciers  again  ocoa- 
pied  the  higher  elevations,  and  the  streams  charged  with  glacier 
mud  entered  the  sea  and  gave  rise  to  a  Bed  Clay  formation.  The 
Aberdeenshire  deposits  do  not  stand  alone ;  they  have  their  equiva- 
lents in  Lancashire  and  Cheshire  and  in  Ireland.  The  fine  section  on 
the  banks  of  the  Kibble  above  Preston  is  identical  {mutatis  mutandis) 
with  that  on  the  coast  of  Scotland,  and  indicates  similar  widespread 
conditions  in  the  Glacial  period.  Mr.  Bell  denies  submergence; 
but  I  am  tempted  to  quote  a  passage  from  a  letter  recently  re- 
ceived from  Prof.  Prestwich  on  this  subject,  which  may  possibly 
have  some  weight  with  the  neo-glacialists.^  He  says  :  "  I  quite 
agree  with  you  as  to  the  important  submergence  in  Glacial  times 
which  has  left  such  clear  evidence  in  the  Cotteswold  Hills*  and 
Welsh  Mountains.  It  is  surprising  to  me  that  the  ice-ploughing 
hypothesis  could  ever  be  entertained.  Some  half  century  ago  it 
was  my  good  fortune  to  come  across  some  fossil iferous  gravels  in 
the  hills  (1,120  feet)  between  Chesterfield  and  Buxton.  Why  the 
simple  explanation  should  ever  have  been  pushed  aside  in  favour 
of  the  more  fanciful  view  I  cannot  understand,  unless  it  be  tbe 
innate  love  of  change."     Neither  can  the  writer. 


V. — On  the  Pitch  Lake  op  Trinidad. 

By  S.  F.  Peckham. 
[Continued  frotn  the  September  Number^  p.  425.) 

NEAR  the  crest  of  the  ascent  to  the  lake  the  road  divides :  one 
branch  passing  to  the  left  and  south  ascends  over  the  rim  of 
the  basin  of  the  lake,  and  skirting  the  lake  for  about  a  quarter  of  its 
circunjference  passes  over  the  hill  to  the  south-west,  as  described  by 
Mr.  Manross.  The  right-hand  branch  follows  the  flow  of  the  pitch 
and  enters  upon  the  lake  simply  by  a  change  of  grade  from  a  sharp 
ascent  to  a  very  slight  inclination  upwards  towards  the  centre  of  the 
lake.     I  was  particularly  impressed  with  this  fact,  and  took  pains 

»  Dated  25tli  July,  1895. 

'  On  the  Jurassic  table-land  of  the  Cotteswolds  we  find  round  ouartzite  pebbles, 
washed  out  oi  the  New  Red  Conglomerate  of  the  Midlands,  scattered  over  the  surface 
up  to  a  level  i»f  about  600  feet— a  real  "  Northern  drift." 
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to  verify  my  first  impression  upon  a  second  visit,  as  it  proved  oon- 
clusively  that,  notwithstanding  the  vast  quantities  of  pitch  that  had 
been  removed  from  the  lake,  there  is  still  a  movement  out  of  the 
lake,  glacier-like,  down  the  slope  to  the  sea. 

My  first  impression  as  I  looked  over  the  expanse  of  the  lake  was 
a  surprise.  I  had  expected  a  scene  of  desolation.  Nothing  could  be 
further  from  the  reality.  In  the  centre  were  the  islets  so  often 
described.  Within  and  around  them  a  dark  area  resembled  the 
muddy  bottom  of  a  pond  from  which  the  water  had  been  drawn 
off,  with  here  and  there  patches  and  intervening  streams  of  water 
remaining.  From  the  border  of  this  dark  centre,  the  vegetation  arose 
higher  and  higher  around  almost  the  entire  circumference  of  the 
lake,  until  it  reached  a  border  of  palm  trees  from  thirty  to  fifty 
feet  high.  As  I  looked  over  the  lake  I  beheld  on  a  vast  scale 
the  appearance  of  asphalt  beds  that  I  had  many  times  seen  in 
California. 

An  examination  of  the  borders  of  the  lake  showed  that  it  occupied 
a  bowMike  depression  in  a  truncated  cone  that  rested  against  the 
side  of  a  hill  that  rises  above  the  lake  to  the  south-west.  Along 
the  line  of  ascent  that  I  had  followed,  the  slope  towards  the  north- 
east to  the  sea  is  very  gradual.  In  other  directions  the  ascent  is 
abrupt,  sometimes  steep,  especially  toward  the  south.  These  slopes 
are  covered  with  tropical  jungles  consisting  of  palms  of  various 
species,  sedges,  canna,  and  wild  vines.  The  border  of  this  depression 
presents  upon  the  inside  for  the  most  part  an  escarpment  of  sand  and 
clay,  that  has  evidently  been  built  up  and  afterwards  broken  down 
in  many  places  by  water.  Wherever  excavations  have  been  made 
in  the  cone  pr  the  escarpment  they  show  that  the  cone  consists 
of  both  asphalt  and  earth.  At  a  point  on  the  south  side,  near  where 
the  road  leaves  the  lake,  the  appearance  of  the  surface  indicates  that 
the  drainage  of  water  from  the  lake  was  frequently  in  that  direction 
to  a  considerable  amount,  notwithstanding  numerous  artificial  drains 
lead  out  of  the  circumference  of  the  lake  and  the  wide  natural  outlet 
down  the  slope  to  the  sea.  To  the  north-west  towards  the  sea, 
a  heavy  stream  of  asphalt  has  overflowed  to  the  sea,  forming 
a  barrier  reef  for  a  considerable  distance.  Asphalt  has  also  over- 
flowed to  the  south,  and  the  general  appearance  of  the  escarpment 
seemed  to  indicate  that  at  some  remote  period  the  basin  now  occupied 
by  the  lake  had  been  filled  some  three  feet  higher  than  the  present 
level  of  the  lake.  I  looked  in  vain  for  any  evidence  that  the  mass 
within  the  lake  had  been  recently  depleted;  but  I  am  aware  that 
observations  at  considerable  intervals  of  time  would  be  necessary 
to  establish  that  fact,  by  referring  the  mean  level  of  the  lake  to 
some  fixed  point  by  means  of  a  very  careful  trigonometrical  survey. 

A  very  careful  study  of  the  present  appearance  of  the  lake  and 
its  boundaries  led  me  to  believe  that  the  suggestion  of  Mr. 
Kiohardson,  that  the  lake  occupies  the  crater  of  an  old  mud 
volcano,  is  correct,  and  that  it  has  been  built  up  of  very  unstable 
material,  through  contact  of  water  issuing  in  large  quantity  from 
Bubterraaean  springs  which  has  come  in  contact  with  strata  identical 
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with  or  resembliDg  those  deBcribed  by  Mr.  Goppy.^  Into  this 
asoending  current,  resembling  a  quicksand,  was  projected  bitumen, 
at  intervals  in  very  large  amounts,  so  that  irruptions  of  mud  have 
coincided  with  and  alternated  with  irruptions  of  bitumen,  the  whole 
building  up  the  cone  and  at  times  overflowing  it,  while  the  basin 
has  gradually  filled  with  bitumen  to  the  exclusion  of  mud. 

It  is,  however,  equally  evident  that  for  an  indefinite  period  there 
has  been  an  outflow  of  bitumen  from  the  crater  towards  the  sea, 
at  La  Brea,  not  over  its  rim,  but  through  a  crevice  in  its  side — in 
fact,  through  its  broken-down  side ;  and  that,  notwithstanding  the 
▼ast  quantities  of  asphalt  now  being  taken  from  the  lake  by  the 
Concessionaires,  the  movement  is  still  out  of  the  lake. 

Capt.  Alexander,  in  1832,  spoke  of  the  flow  out  of  the  lake 
as  ^Mmmense."  Manross,  in  1855,  says,  "this  stream  of  pitch  has 
been  dug  through  in  several  places,  averaging  from  15  to  18  feet 
in  depth."  A  well  dug  at  one  point  on  the  slope  of  the  overflow 
was  abandoned  still  in  asphalt,  at  the  depth  of  forty  feet.  Several 
village  lots  have  been  excavated  to  a  depth  of  twenty  feet,  still 
in  asphalt.  The  invariable  reply  of  the  negroes  to  the  question, 
'•  Have  you  ever  dug  through  the  asphalt  ?  "  was,  "  No,  sir."  The 
conclusion  that  I  reached  on  the  ground  is,  that  the  asphalt  flowing 
down  the  slope  to  the  sea  fills  a  ravine  excavated  by  water,  and  that 
it  is  slowly  moving  out  of  the  lake  with  the  pressure  of  the  asphalt 
in  the  lake  behind  it  This  conclusion  is  in  harmony  with  the 
testimony  of  all  the  observers  above  quoted  for  the  last  hundred 
years. 

Concerning   the   condition  and   appearance  of  the  pitch  within 
the  lake,  I  think  it  is  quite  certain  from  all  the  observations  above 
quoted  that  the  pitch  has  gradually  become  harder  and  more  stable 
during  the  last  106  years.     I  do  not  think  that  later  observers  have 
any  right  to  question  the  veracity  of  those  who  have  preceded  them. 
Dr.  Nugent  says  that  in  1807  the  centre  was  so  soft  that  it  could  be 
dipped  up  with  a  cup.    Alexander  describes  it  in  1832  as  so  unstable 
that  the  weight  of  a  man  produced  a  bowl-like  depression  to  the 
depth  of  one's  shoulders,  and  that  the  heat  gradually  increases  as  one 
walks  off  towards  the  middle  with  his  shoes  off".     Manross,  23  years 
later,  says,  "  It  may  be  that  the  material  has  become  much  harder 
since  the  first  accounts  of  it  were  written;   but  it  is  difficult  to 
understand  how  the  weight  of  a  man  can  have  displaced  a  mass 
of  pitch  equal  to  a  'great  bowl'  as  deep  as  the  shoulders."    Kingsley, 
24  years  later,  is  practically  of  tl\e  same  opinion.     At  the  time  of  oiy 
visit,  a  man  was  loading  a  cart  near  the  centre  of  the  lake,  and  while 
they  did  not  remain  in  one  place  long  enough  to  secure  a  large  load, 
there  was  no  apparent  danger  of  their  being  engulfed. 

*  Gnppy  says  (Quart.  Joum.  Geol.  See,  xlviii,  627,  note) :  **  When  a  piece  of  the 
foraminiferal  rock  is  placed  in  water,  it  absorbs  it  rapidly  and  falls  asunder,  and 
the  water  which  enters  into  union  with  it  is  given  up  only  to  evaporation.  .  .  . 
From  these  properties  it  follows  that  the  natural  soil  roads  passing  over  these  rocks 
become  in  the  wet  season  the  worst  quagmires  it  is  possible  to  imagine."  Of  another 
bed,  *'  In  the  presence  of  water  this  rock  is  the  most  incoherent  of  any  I  have  ever 
met  with.  ...  It  falls  into  powder  at  the  mere  contact  of  water.'* 


S.  F.  Peckham—The  Pitch  Lake  of  Trinidad.  455 

Yet  it  must  not  be  assumed  that  the  oosmieal  agencies  that 
produced  this  deposit  of  bitumen  have  ceased  to  be  active,  or  are 
even  simply  quiescent  Abundant  evidence  is  to  be  found  in  the 
neighbourhood,  and  even  within  the  lake  itself,  that  such  forces 
are  still  active.  A  few  miles  to  the  south-west  of  the  lake,  at 
Guapo,  large  springs  of  maltha  or  'Miquid  asphaltum"  are  now 
flowing,  and  within  the  boundaries  of  the  lake  near  the  power 
station  of  the  tramway,  and  within  only  a  few  rods  of  the  edge  of 
the  cone,  I  observed  what  the  workmen  called  (and  very  properly) 
a  '^  blow-bole."  This  was  a  circular  hole,  about  six  inches  in 
diameter,  from  which  bitumen,  more  nearly  fluid  than  any  I  saw 
elsewhere  upon  the  island,  had  been  ejected  to  the  amount  of 
perhaps  a  barrel.  It  was  so  soft  as  to  flow  readily,  of  a  brilliant 
black  colour,  and  appeared  to  contain  little,  if  any,  mineral  matter. 
I  was  told  by  a  workman  that  such  holes  occurred  quite  frequently 
and  so  far  apart  as  apparently  to  have  no  connection  with  each  other. 

Asphalt  beds  occur  in  California  that  are  the  product  of  the 
hardening  of  maltha,  or  mineral  tar,  which  escapes  over  a  con- 
siderable area.  Sometimes  it  flows  continuously  from  a  central 
orifice,  but  oftener  the  flow  through  the  hot  summer  seems  to  be 
arrested  by  the  lower,  winter  temperature,  when  the  orifice  through 
which  the  flow  took  place  becomes  plugged.  The  succeeding  season 
the  maltha  issues  along  a  line  of  less  resistance  and  flows  through 
the  summer,  when  it  in  turn  becomes  plugged.  These  plugged 
orifices  are  often  several  rods  apart  for  successive  seasons,  aud 
present  the  appearance  of  a  cicatrix.  I  have  no  doubt  that  more 
extended  observations  than  I  was  able  to  give  would  reveal  a  similar 
condition  of  outflow  at  and  in  the  vicinity  of  the  lake. 

I  carefully  studied  these  phenomena  as  likely  to  offer  some 
suggestion  concerning  the  origin  of  the  deposit.  As  a  description 
of  the  observed  facts,  I  can  add  nothing  to  that  of  Mr.  Manross. 
I  do  not  understand  why  Messrs.  Wall  and  Sawkins  observed 
nothing  of  the  sort  described  by  him,  or  thought  it  not  *'very 
obvious  to  what  force  or  what  influence  this  is  attributable."  These 
"  areola  "  are  very  irregular  in  shape.  I  think  their  form  may  be, 
to  some  extent,  determined  by  the  weight  of  water  pressing  against 
their  sides.  The  surface  of  each  one  is  slightly  rounded  from  the 
centre  to  the  edge  of  the  water;  they  then  round  off  at  a  very 
sharp  angle,  finally  descending  almost  perpendicularly.  These 
areas  consist  of  pitch  inflated  with  gas  to  such  an  extent,  that 
when  broken  into  the  structure  exactly  resembles  an  over- fermented 
cheese — hence  the  term  **  cheese-pitch."  The  cavities  are  from  one 
to  three  or  more  inches  in  dimensions.  The  gas  that  they  contain 
is  constantly  rising  to  the  surface,  where  it  bubbles  out  and  bursts, 
thus  forcing  the  centre  up,  and  causing  a  slow  but  irresistible  move- 
ment from  the  centre  towards  the  circumference,  where  the  pitch 
continually  rolls  under  exactly  as  Manross  has  described  it.  His 
suggestions  concerning  the  ebullition  of  the  mass  within  the  lake 
were  confirmed  to  the  very  letter. 

This  action  is  explained  in  this  wise :  Mr.  Hiohardson's  analysis 
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of  asphalt  water  shows  it  to  he  very  rich  in  sulphates.  As  has  heen 
elsewhere  shown,  sulphates,  especially  those  of  the  alkalies,  when 
in  solution  are  decomposed,  when  the  water  containing  them  flowi 
through  strata  impregnated  with  organic  matter,  into  hydrogea 
sulphide,  and  a  carbonate  of  the  oxide  present  When  hydrogen 
sulphide  infiltrates  strata  conlaiuing  carbonate  of  lime,  gypsoni 
is  formed  and  sulphur  deposited,  or  converted  into  free  sulphorio 
acid  J 

The  Miocene  bituminous  strata  of  Southern  California  are  fall 
of  sulphur  springs  and  numberless  deposits  of  sulphur.  One  sodi 
deposit  in  the  southern  part  of  Kern  County  is  supposed  to  conUun 
several  thousand  tons  of  sulphur. 

The  reaction  between  sulphates  present  in  the  lake  water  and 
the  bitumen  or  other  organic  material  of  the  formation  furnishes 
a  ready  explanation  of  the  presence  of  hydrogen  sulphide;  bat 
I  must  confess  that  the  odour  of  that  gas  was  much  less  apparent 
about  the  lake  than  I  had  been  led  to  expect.  Analysis  will  alone 
show  what  the  gases  are  that  inflate  the  asphalt,  but  of  their 
presence  in  enormous  volume  there  can  be  no  question.  At  a 
rough  estimate,  I  should  say  that  from  one-thinl  to  one-half  the 
volume  of  the  mass  as  it  exists  in  the  centre  of  the  lake  i»  gas. 
I  also  hazard  the  opinion  that  this  gas  makes  the  ma»8  specifically 
lighter  than  water,  else  the  tables  described  by  Manross  and 
Kingsley  would  not  rise  and  8pi*ead  on  the  surface  of  the  water, 
and  further  the  masses  of  asphalt  would  coalesce,  and  the  water 
would  float  upon  the  asphalt.  Moreover,  it  is  without  any  doubt 
that  through  this  motion  or  ebullition  which  is  produced,  not  by 
escape  of  vapour  generated  by  heat,  but  by  gases  forced  up>vard 
by  their  own  specific  gravity  through  a  yielding  mass,  that  tbe 
asphalt  and  mineral  matter  which  forms  the  floors  and  sides  of  the 
crater  are  mixed  together  until  the  asphalt  is  saturated  ;  i.e.  it 
reaches  such  a  condition  of  phisticity  and  viscosity,  that  it  will 
no  longer  absorb  any  more  mineral  matter  in  presence  of  water. 
I  cannot  account  for  the  almost  uniform  character  of  the  mixture 
of  water,  bitumen,  and  mineral  matter  on  any  other  hypothesis.^ 

Asphalt  is  very  inert  to  changes  of  temperature.  It  is  a  very  poor 
conductor  of  heat,  and  even  under  a  tropical  sun  the  daily  surface 
changes  of  temperature  and  consequent  expansions  and  contractions 
are  wholly  inadequate  to  produce  conditions  affecting  such  enormous 
masses  of  material  as  the  crater  contains. 

The  frequent  use  of  the  term  "volcanic"  in  connection  with 
the  supposed  origin  of  this  mass  of  bitumen  is,  in  my  judgment, 

*  Proc.  Amer.  Philos.  Soc.,  vol.  x,  p.  445.  Bischoff,  Chom.  aud  Phys.  Got>l. 
fCiiv.  Soc.  Ed.),  ii,  p.  28  ;  ibid,^  vol.  i,  pp.  15,  340.  T.  S.  Hunt,  Chem.  aud  G^A. 
Es.sav9,  pp.  23,  87,  99,  111. 

^  Mr.  Kichardson  asserts  that  90  per  cent,  of  the  80  per  cent,  of  insoluble  minf-nl 
matter  in  the  pitch  is  silica.  As  a  possible  explanation  of  the  presence  of  so  much 
silica.  I  would  suggest  that  the  hot  water  that  dlstilleil  the  bitumen  mijrht  have 
holil  silica  in  solution,  which  has  been  precipitated  within  the  pitch  a^  it  has  cooled. 
The  fact,  if  it  be  a  fact,  that  so  much  silica  exists  in  the  pitch  as  h}ilrate,  may 
account  for  the  large  amount  of  water  held  in  the  pitch. 
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misleading.     With  the  term  voloanio  is  usually  assooiated  streams 
of  melted  lava,  scoria,  and  pumice.     The  masses  of  porcellanite  and 
jasper  mentioned  by  all  observers  as  found  in  the  neighbourhood  of 
the  lake,  do  not  require  for  their  origin  any  *'  subterranean  fires."   It 
00 ly  requires  that  hot  water,  holding  silica  in  solution  under  high 
pressure,  shall  percolate  a  bed  of  clay.     The  distillation  of  beds  of 
lignite  requires  nothing  more.   In  one  case  the  product  is  red  or  yellow 
jasper,  in  the  other  a  deposit  of  bitumen.     The  less  the  pressure  the 
more  dense  will  be  the  bitumen.     Water  will  inevitably  bring  the 
bitumen  to  the  surface,  unless  it  is  held  down  by  impervious  strata. 
If  the  water,  accompanied  by  bitumen,  encountered  in  its  upward 
passage  such  strata  as  have  been  described  by  Mr.  Guppy,  a  mud 
volcano  yielding  bitumen  would  be  the  inevitable  result    It  appears 
to  me  that  all  of  these  conditions  are  present  in  and  about  the  pitch 
lake.    They  are  exactly  the  conditions  that  have  produced  enormous 
tar  springs  and  asphalt  beds  in  California,  excepting  that  there  the 
strata  necessary  to  produce  mud  volcanoes  are  wanting,  but  the 
porcellanites,  the  hot  springs,  the  sulphur  springs,  and  the  bitumen, 
are  all  there,  and  in  some  localities  on  a  scale  that  vies  with  Triuidad. 
I  looked   in  vain  for   specimens  of  wood  in  process  of  trans- 
formation into  asphalt.     I  enquired  of  many  intelligent  men,  and 
others  connected  with  mining  the  pitch,  if  they  had  ever  seen  such 
specimens ;  they  invariably  answered  "  no."   Two  or  three  remarked 
that  the  wood  never  decayed  in  the  pitch,  that  it  came  out  as  it 
went  in.     One  man  replied  that  "  if  it  went  in  rotten  it  came  out 
rotten."     I  saw  in  several  excavations  along  the  tramway  masses 
of  vegetable   matter  that  appeared   to   have   been  converted   into 
humus,  and  was  told  by  the  workmen  that  in  time  these  masses 
would  become  incorporated  with  the  pitch.    Such  masses  account  for 
the  organic  matter  in  solution  in  the  lake  water,  and  also  for  the 
amorphous  organic  matter  not  bitumen,  observed  by  Mr.  Hichardson. 
The  Concessionaires  of  the  lake  have  recently  put  in  operation 
a  tramway  and  pier  by  which  the  pitch  can  be  very  rapidly  and 
easily  removed  from  the  lake  to  vessels  lying  at  the  pier.     The 
tramway  forms  a  loop,  which  in  a  general  way  may  be  said  to  pass 
just  outside  the  circle  of  islets.   (See  map.)    In  building  the  tramway 
much  of  the  vegetation  on  these  islets  has  been  destroyed.     The 
laying  of  the  tramway  presented  some  peculiar  engineering  diffi- 
culties, that  have  been  fully  overcome.     The  islands  float  on  the 
pitch,  and  I  believe  that  they  represent  portions  of  the  edge  of 
the  crater  broken  ofif  during  violent  irruptions,  and  placed  in  and 
maintained  in  their  relative  positions  through  their  relations  to  the 
Various  centres  of  ebullition  into  which  the  surface  of  the  lake  is 
divided.     These  islets,  which  largely  consist  of  vegetable  matter, 
float,  while  logs  of  wood  and  palm-tree  ties  sink  in  the  pitch ;  it 
therefore  occurred  to  Mr.  Freeman,  the  engineer  in  charge  of  the 
"Work,  to   support   his   tramway  on   palm   leaves,  of  which    many 
apecimens  are  twenty-five  feet  in  length.   Tliis  expedient  has  proved 
a  complete  success,  not  only  upon  the  summits  of  the  *'  areola,"  but 
in  crossing  the  crevices  that  separate  them.    The  tramway  furnishes 


458  8.  F.  Peekham—The  Pitch  Lake  of  Trinidad. 

a  BucoessioQ  of  admirable  points  from  which  to  view  the  lake,  as  no 
difficulty  is  experienced  \n  walking  upon  the  ties  around  the  entire 
loop.  Tlie  cars  are  run  in  groups  of  four,  which,  when  loaded,  have 
a  gross  weight  of  about  six  thousand  pounds.  I  carefully  watched 
the  passage  of  successive  groups  of  these  oars  and  could  not  observe 
any  change  of  level  in  the  road  bed  as  they  passed  along ;  yet  I  am 
quite  certain  if  a  group  had  been  allowed  to  stand  for  several  hours, 
that  both  tramway  and  cars  would  have  sunk  in  the  pit<;h. 

The  pitch  is  excavated  along  this  tramway  u{>on  the  summits  of 
the  "areola."  Wherever  the  surface  of  the  pitch  is  broken,  the 
vesicles  are  uniformly  smaller  as  the  pitch  is  taken  from  points 
removed  from  the  centre  of  the  lake.  As  the  water  dries  out  the 
vesicles  collapse,  and  the  colour  changes  from  brown  to  bluish-black. 
If  left  long  enough  in  the  sun,  any  of  the  pitch,  no  matter  from 
what  spot  it  may  be  taken,  will  first  melt  upon  the  surface,  and 
finally  flow  into  a  more  or  less  compact  mass.  The  pitch  being  dug 
by  the  Trinidad  Asphalt  Company,  both  within  and  without  the 
lake,  was  brown  when  freshly  dug,  changing  to  black  on  exposure. 
The  same  might  be  said  of  that  dug  farther  down  the  slope  from 
village  lots  by  the  Trinidad  Bituminous  Asphalt  Company.  It  was 
quite  evident  that  as  the  pitch  was  taken  from  points  farther  and 
farther  from  the  centre  of  the  lake  it  had  been  subjected  to  more 
and  more  pressure,  the  gas  being  forced  out  as  a  consequence,  the 
vesicles  made  smaller,  and  the  specific  gravity  thereby  increased. 
There  are  enormous  masses  of  pitch  within  the  lake  that  could  not, 
in  my  opinion,  be  distinguished  by  the  eye  from  the  pitch  taken 
from  the  village  lots  by  either  of  the  companies  before  mentioned. 
I  am  therefore  quite  at  a  loss  to  determine  why  Mr.  Kichardsoa 
alleges  such  a  specific  distinction  between  what  he  pleased  to  term 
*'  lake"  and  '*  land  "  asphalt  It  appears  to  me  to  be  a  distinction 
without  a  diflference. 

For  further  facts  concerning  the  commercial  and  economic 
relations  of  Trinidad  Asphalt,  the  reader  is  referred  to  the  report 
of  Consul  Pierce,  which  I  believe  to  be  one  of  the  most  complete 
and  impartial  of  all  the  valuable  consular  reports  issued  by  the 
State  Department 

It  was  my  intention  to  include  in  this  paper  some  statistics 
regarding  the  enormous  amount  of  asphaltum  of  different  varieties 
shipped  from  La  Brea  since  January  Ist,  1890.  When  a  friend 
applied  to  the  custom  house  in  Port  of  Spain  for  an  official  state- 
ment, he  reported  that  such  information  had  been  refused,  on  the 
ground  that  such  a  statement  would  make  public  private  interests, 
inasmuch  as  the  Trinidad  Asphalt  Company  had  shipped  several 
cargoes  of  *'land  pitch"  to  the  United  States  since  that  date. 

By  referring  to  the  maps  the  reader  can  clearly  distinguish  the 
relative  positions  of  the  lake  and  the  adjacent  portion  of  the  island. 

Uniyersitt  of  Michigan,  Ann  Arbour,  Michigan, 
April  I5th,  1895. 
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near  Ightham. 
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Cf.  F.  DoUfus. — Probable  Extension  of  the  Seas  during  Upper  Tertiary 
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E.  Van  den  Broeck, — On  the  present  state  of  our  knowledge  of  the 

Upper  Tertiary  Strata  of  Belgium. 
Mareellin  Boule. — Disoovery  of  Fossil  Elephant  Bemains  at  Tillooz 

(Oharente). 
Prof.  J.  Milne, — Earth  Movements  observed  in  Japan* 
Prof.  J.  Milne, — Report  of  the  Committee  on   the  Volcanic  and 

Seismological  Phenomena  of  Japan. 
Dr,  If,  J,  John$ton-Lavis. — Report  of  the  Committee  on  the  Yoloanic 

Phenomena  of  Vesuvius. 
C.  Davison, — Report  of  the  Committee  on  Earth  Tremors. 
Prof.  W,  J,  Sollas. — Report  of  the  Committee  on  the  Investigation 

of  a  Coral  Reef. 
0,  W,  Jeffs, — Report  of  the  Committee  on  Geological  Photographs. 
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E.  A,  Wal/ord, — Note  on  the  Strata  of  the  Shaft  sunk  at  Stonesfield, 
Oxon,  in  1895. 

W.  Whitaker.^The  Trial-boring  at  Stutton. 

Joseph  Francis, — The  Dip  of  the  Underground  Palsdoasoic  "Rodka  at 
Ware  and  at  Chesliunt. 

F,  W,  Harmer,— The  Importance  of  Extending  the  Work  of  the 
Geological  Survey  of  Great  Britain  to  the  Investigation  of  the 
Deep-seated  Rocks,  by  means  of  Boring.     (See  p.  476.) 

Prof,  H.  A,  Nicholson  and  J,  E,  Marr, — Notes  on  the  Phylogeny  of 
the  Graptolites. 

E.  J.  Garwood  and  J,  E,  Marr, — Zonal  Divisions  of  the  Carboniferous 
System.     (See  p.  474.) 

Prof,  T.  R.  Jones, — Report  of  the  Committee  on  Palaeozoic  Phyllopoda. 

M.  Laurie, — Report  of  the  Committee  on  the  Eurypterid-bearing 
Deposits  of  the  Pentland  Hills. 

Dr,  H,  Woodward.^ — On  some  Decapod  Crustaceans  from  the  Creta- 
ceous Formation  of  Vancouver  Island. 

A,  Smith  Woodward, — Report  of  the  Committee  on  the  Registration 
of  Type  Specimens. 

P.  F,  Kendall, — Report  of  the  Committee  on  Erratic  Blocks. 

Titles  op  Papers  bearing  on  Geology  read  in  other  Sections. 

Report  on  Cosmic  Dust. 

Report  on  Underground  Temperature. 

A.  Gohert, — The  Gobert  Freezing  Process  for  Shaft- sinking  and 
Tunnelling  under  Rivers. 

J,  Vivian. — East  Anglian  Coal  Exploration,  description  of  machinery. 
W.  J.  Knowles. — On  striated  Flint  Implements  from  North  Ireland. 

B.  Harrison. — Report  on  Plateau  Flints  of  North  Kent 

H.  Slopes, — Graving  Tools  from  Terrace  Gravels  of  Thames  Valley. 
E,  Slopes, — Palaeolithic  Projectiles. 

Graf  SolmS'Laubach, — On  a  new  form  of  Fructification  in  Spheno- 
phyllum, 

C.  W.  Andrews. — On  Stereomithes.     (See  p.  472.) 
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Dr.  D.  JJ.  Scottj  F,B,S, — Chief  results  of  Williamson's  work  on  the 

Carboniferous  Plants. 
A.  C.  Seward.— The  Wealden  Flora  of  England. 
Wm,  Barlow, — On  the  Belation  between  the  Morphological  Symmetry 

and  the  Optical  Symmetry  of  Crystals. 
Dr,  F,  S,  Match. — Gold  Production  in  the  Witwatersrand  Fields. 
J)r,  Conwentz, — On  English  Amber,  with  Exliibition  of  Specimens. 
Dr,  J.  0,  Oarson, — A  Palaeolithic  Skeleton  from  the  Thames  Valley. 

11. — British  Association  fob  the  Advancement  of  Science, 
Ipswich,  1895. — Undebgbound  in  Suffolk  and  its  Bobdebs: 
Addbess  to  the  Geological  Section.  By  W.  Whitakeb,  B.A., 
F.R.S.,  F.G.S.,  President  of  the  Section. 

WHEN  the  British  Association  revisits  a  town  it  is  not  unusual 
for  the  Sectional  Presidents  to  refer  to  the  addresses  of  their 
local  predeoes8oi*8,  and  to  allude  to  the  advance  of  their  science  since 
the  former  meeting.  I  have  at  all  events  tried  to  follow  this  course, 
with  the  sad  result  of  having  to  chronicle  a  falling  back  rather  than 
an  advance  in  our  methods  of  procedure ;  for  at  the  meeting  of  1851 
all  the  Sectional  Presidents  had  the  wisdom  not  to  give  an  address, 
and  of  all  the  inventions  of  later  years  I  look  upon  the  presidential 
address  as  perhaps  the  worst. 

Had  I  the  courage  of  my  opinion  I  should  not  now  trouble  you ; 
but  an  official  life  of  over  thirty-eight  years  has  led  me  to  do  what 
I  am  told  to  do,  and  to  suppress  my  own  ideas. of  what  is  right. 
After  all  it  is  the  fault  of  the  Sections  themselves  that  they  should 
suffer  the  evil  of  addresses.  They  could  disestablish  the  institution 
without  difficulty. 

On  these  occasions  it  is  hot  usual  to  allude  to  the  personal  losses 
our  science  has  had  in  the  past  year ;  but  there  are  times  when  the 
lack  of  a  familiar  presence  can  hardly  be  passed  over,  and  since  we 
last  met  we  have  lost  one  of  our  most  constant  friends,  who  had 
served  us  long  and  well,  and  had  been  our  Secretary  for  a  far  longer 
time  than  any  other  holder  of  that  office.  When  we  were  at  Oxford 
last  summer  none  of  us  could  have  thought  that  it  was  our  last 
meeting  with  William  Topley. 

I  do  not  now  mean  to  say  anything  on  the  origin  or  on  the  classi- 
fication of  the  various  divisions  of  the  Crag  and  of  the  Drift  that 
occur  so  plentifully  around  us,  and  form  the  staj^e  interest  of  East 
Anglian  geology.  These  subjects,  which  are  the  more  interesting 
from,  being  controversial,  I  leave  to  my  brother-hammerers,  and 
without  claiming  the  credit  of  magnanimity  in  so  doing,  having  said 
what  I  had  to  say  on  them  in  sundry  Geological  Survey  memoirs. 
The  object  of  this  address  is  to  carry  you  below  the  surface,  and  to 
point  out  how  much  our  knowledge  of  the  geology  of  the  county  in 
which  we  meet  has  been  advanced  by  workers  in  another  field,  by 
engineers  and  others  in  their  search  for  water.  As  far  as  possible 
allusion  will  be  made  only  to  work  in  Suffolk;  but  we  must  occa- 
sionally  invade  the  neighbouring  counties. 
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This  kind  of  evidence  has  chiefly  aooumalated  since  the  meeting 
of  the  Association  at  Ipswich  in  1851 ;  for  of  the  476  Suffolk  welli 
of  which  an  account,  with  some  geologic  information,  has  heen 
published,  only  68  were  noticed  before  that  year,  all  bat  two  of 
these  being  in  a  single  paper.  The  notes  on  all  these  wells  an 
now  to  be  found  in  twelve  Geological  Survey  memoirs  that  refer 
to  the  county.  Number  alone,  however,  is  not  the  only  point,  aod 
many  of  the  later  records  are  marked  by  a  precision  and  a  detail 
rarely  approached  in  the  older  ones.  It  should  be  stated  that  in  the 
above  and  in  the  following  numbers  strict  accuracy  is  not  professed, 
nor  is  it  material.  A  slight  error  in  the  number  of  wells,  one  waj 
or  the  other,  would  make  practically  no  difference  to  the  gener^ 
conclusions. 

Now  let  us  see  how  these  records  affect  onr  knowledge  of  the 
various  geologic  formations,  beginning  with  the  newest  and  working 
downward. 

The  Drift, — Under  this  head,  as  a  matter  of  convenience  for  the 
present  purpose,  we  will  include  everything  above  the  Chillesfoid 
Clay.  There  is  no  need  for  refinement  of  classification,  and  the  thin 
beds  that  oome  in  between  that  clay  and  the  Drift  in  some  parts  do 
not  affect  the  evidence  we  have  to  deal  with. 

As  a  matter  of  fact,  it  is  only  from  wells  that  we  can  tell  the 
thickness  of  the  Drift  over  most  of  the  great  plateau  that  this 
formation  chiefly  forms ;  open  sections  through  a  great  thickness  of 
Drift,  to  its  base,  are  rare,  except  on  the  coast. 

There  is  often  some  doubt  in  classifying  the  beds,  the  division 
between  Drift  and  Crag  being  sometimes  hard  to  make  in  sections 
of  wells  and  borings ;  but  from  an  examination  of  the  records  of 
these  Suffolk  sections  that  pass  through  any  part  of  the  Drift  Series 
(as  defined  above)  we  find  that  no  less  than  173  show  a  thickness 
of  50  feet  and  upward,  whilst  of  these  o-i  prove  no  less  than  100  feet 
of  Drift,  many  reaching  to  much  more.  Of  the  two  that  are  said  to 
show  a  thickness  of  over  200  feet  and  the  one  said  to  be  more  than 
300  feet  deep  in  Drift,  we  can  hardly  feel  certain ;  but  such  amounts 
have  been  recorded  with  certainty  as  occurring  in  the  neighbouring 
county  of  Essex. 

These  great  thicknesses  (chiefly  consisting  of  Boulder-clay)  show 
the  importance  of  the  Drift,  and  the  impossibility  of  mapping  the 
formations  beneat]i  with  any  approach  to  accuracy,  on  the  suppo- 
sition that  the  Drift  is  stripped  off,  as  is  the  case  in  the  ordinaiy 
geologic  map.  The  records  also  show  the  varying  thickness  of  the 
Drift,  and  how  difficult  it  often  is  therefore  to  estimate  the  thickness 
at  a  given  spot.  Sometimes  the  sections  seem  to  point  to  the 
existence  of  channels  filled  with  Drift,  such  as  are  found  also  in 
Essex  and  in  Norfolk ;  and  it  may  be  noted  that  in  the  northern 
inland  part  of  the  former  county,  one  of  these  channels  has  been 
traced,  though  of  course  not  continuously,  for  some  eleven  miles 
along  the  valley  of  the  Cam,  and  at  one  place  to  the  depth  of 
340  feet  (or  nearly  140  below  sea-level),  the  bottom  of  the  Drift 
moreover  not  having  been  reached  even  then.     A  channel  of  this 
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sort  seems  to  occur  close  to  us,  in  the  midst  of  the  town  of  Ipswich, 
where,  by  St.  Peter's,  one  boring  has  pierced  70  feet  of  Drift,  and 
another  127,  in  ground  but  little  above  the  sea-level. 

As  the  Drift  sands  and  gravels,  that  in  many  places  occur  below 
the  Boulder-clay,  often  yield  a  fair  amount  of  water,  the  proof  of 
their  occurrence  and  of  the  thickness  of  the  overlying  clay  is  of  some 
practical  good. 

The  Crag. — On  this  geologic  division  we  have  a  less  amount  of 
information,  as  would  be  expected  from  the  fact  that  it  is  not  nearly 
so  widespread  as  the  Drift,  and  this  i^iformation  is  confined  to  the 
Upper  or  Red  Crag,  the  Lower  or  Coralline  Crag  occurring  only 
over  a  very  small  area,  and  no  evidence  of  its  underground  extension 
being  given  by  wells. 

What  we  learn  of  the  Red  Crag,  however,  is  of  interest,  several 
wells  having  proved  that  it  is  far  thicker  underground  than  would 
have  been  supposed  from  what  is  seen  where  its  base  crops  out. 
One  characteristic,  indeed,  of  this  sandy  deposit,  in  the  many  parts 
where  it  can  be  seen  from  top  to  bottom,  is  its  thinness,  as  in 
such  places  it  rarely  reaches  a  thickness  of  40  feet  But,  on  the 
other  hand,  wells  at  Hoxne  seem  to  prove  more  than  60  feet  of 
Crag,  whilst  at  Saxmuudham  the  formation  is  100  feet  thick,  and  at 
Leiston  and  Southwold  over  140.  Further  north,  just  within  the 
border  of  Suffolk,  there  is,  at  Beccles,  a  thickness  of  80  feet  of  sand, 
or,  with  the  overlying  Chillesford  Clay,  a  total  of  95.  Our  under- 
ground information  has,  then,  trebled  the  known  thickness  of  the 
Upper  Crag  of  Suffolk. 

It  has  also  shown  that  at  some  depth  underground  the  colour- 
name  is  a  misnomer,  the  shelly  sands  being  light-coloured  and  not 
red.  This  is  the  case,  too,  with  some  other  deposits,  which  owe  their 
reddish-brown  colour  at  the  surface  to  peroxide  of  iron.  Presumably 
the  iron-salt  is  in  a  lower  state  of  oxidation  until  it  comes  within 
reach  of  surface  actions.  This  seems  to  point  to  the  risk  of  taking 
colour  as  the  mark  of  a  geologic  formation. 

Eocene  Tertiaries, — Below  the  Crag  there  is  a  great  gap  in  the 
geologic  series,  and  we  come  to  some  of  the  lower  of  the  Tertiary 
formations,  about  which  little  had  been  published,  as  regards  Suffolk, 
before  the  work  of  the  Geological  Survey  in  the  county.  It  seems 
as  if  the  special  interest  in  the  more  local  Crag  had  led  observers  to 
neglect  these  beds,  which  had  been  amply  noticed  jn  other  parts. 

We  have  records  of  more  than  forty  wells  in  Suffolk  that  are 
partly  in  these  deposits,  and  of  these  thirty-six  reach  down  to  the 
Chalk,  twenty  giving  good  sections  from  the  London  Clay  to  the 
Chalk.  The  thickness  of  the  Lower  London  Tertiaries  (between 
those  formations)  thus  proved  varies  from  30  to  79J  feet,  the  higher 
figure  being  much  greater  than  anything  shown  at  the  outcrop. 
The  greatest  recorded  thickness  is  at  Leiston,  where,  moreover,  the 
top  26  feet  of  the  79|  may  belong  to  the  uppermost  and  most 
local  of  the  three  divisions  of  the  series,  the  Oldhaven  Beds,  of  very 
rare  occurrence  in  the  county..  The  next  greatest  thickness  is  at 
Southwold,  where  the  whole  has  been  classed  as  Reading  Beds  (the 
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persistent  division),  fliongh  here  and  elsewhere  it  is  possible  that  fbe 
underlying  Tbanet  Beds  are  thinly  represented.  It  is  notewortliy 
that  at  both  these  places,  where  the  Lower  London  Tertiaries  an 
thick,  they  are  also  at  a  great  depth,  beginning  at  252}  and  218  M 
respectively,  which  looks  as  if,  like  the  Crag,  they  thickened  in  their 
underground  course  away  from  the  outcrop. 

The  important  evidence  given  by  these  wells,  however,  is  not  u 
regards  thickness ;  it  is  to  show  the  underground  extent  of  the  older 
Tertiary  beds,  beneath  the  great  sheet  of  Crag  and  Drift  that  pre- 
vents them  from  coming  to^the  surface  north-eastward  from  the 
neighbourhood  of  Woodbridge.  It  is  clear  that  over  this  large  tnd 
we  can  know  nothing  of  the  beds  beneath  the  Crag  otherwise  than 
from  wells  and  borings ;  and^  until  these  were  made,  our  older 
geologic  maps  cut  off  the  older  Tertiary  beds  far  south  of  the  parti 
to  which  we  now  know  that  they  reach,  though  hidden  from  our 
sight.  No  one,  for  instance,  would  have  imagined  many  years  ago 
that  at  Southwold  the  Chalk  would  not  be  touched  till  a  boring  had 
reached  the  depth  of  323  feet,  or  some  280  below  sea-level,  nor  that 
at  Leiston  those  figures  would  have  been  about  297  and  240. 

It  is  from  calculations  based  on  the  levels  of  the  junction  of  the 
Chalk  and  the  Tertiary  beds  in  many  wells  that  the  line  engraved 
on  the  Geological  Survey  map  as  the  probable  boundary  of  the  latter 
beds  under  the  Crag  and  Drift  has  been  drawn.  From  what  has 
gone  before,  however,  as  to  the  great  irregularity  in  the  thickneee 
of  the  Drift,  it  is  clear  that  this  line  must  be  taken  only  as  approxi- 
mate, and  open  to  correction  as  further  evidence  is  got ;  albeit  the 
junction  of  the  Chalk  and  the  Tertiary  beds  is  found  to  be  here,  as 
elsewhere,  fairly  even,  along  an  inclined  plane  that  sinks  towards 
the  coast. 

Cretaceous  Beds. — Though  the  Chalk  is  reached  by  very  many 
wells,  yet  we  get  less  information  about  it,  by  reason  of  its  great 
thickness.  Moreover,  the  great  amount  of  overlying  beds  in  many 
cases  is  a  bar  to  deep  exploration. 

Of  our  Suffolk  wells  there  are  forty  which  go  through  100  feet  or 
more  of  Chalk.  Of  these  twenty  go  through  200  feet  or  more,  half 
of  these  to  300  or  more,  and  again  half  of  the  ten  to  400  or  more, 
a  very  exact  piece  of  geometric  progression,  or  more  strictly,  retro- 
gression. Although  two  wells  pass  through  the  great  thickness  of 
more  than  800  feet  of  Chalk,  yet  neither  of  them  gives  us  the  fnll 
thickness  of  the  formation ;  for  the  816  feet  at  Landguard  Fort  do 
not  reach  to  the  base,  whilst  the  843  (or  817)  feet  at  Combs,  near 
Stowmarket,  do  not  begin  at  the  top. 

As  in  no  case  yet  recorded  has  the  Chalk  been  pierced  from  top  to 
bottom  in  Suffolk  (a  defect  that  will  be  supplied  during  this  meeting 
by  the  description  of  the  Stutton  boring),  that  is  to  say,  no  boring 
has  gone  from  the  overlying  older  Tertiary  beds  to  the  underlying 
Gault,  we  must  now,  therefore,  cross  the  border  of  the  county  to  get 
full  information  as  to  the  thickness  of  the  Chalk  ;  and  we  have  not 
far  to  go,  for  the  well-known  Harwich  boring  passes  through  the 
whole  of  the  Chalk,  proving  a  thickness  of  890  feet.     It  is  almost 
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certain,  indeed,  that  this  should  be  given  as  a  few  feet  more,  for  the 
22  feet  next  beneath,  which  have  been  described  as  Gault  mixed 
with  Greensand,  is  probably  in  part  the  green  clayey  glauconitic 
base  of  the  Chalk  Marl.  We  may  fairly  add  for  this  another  6  feet 
(as  also  in  the  case  of  the  Combs  boring),  and  may  say  that,  in 
round  numbers,  the  Chalk  reaches  a  thickness  of  about  900  feet 
in  the  south-eastern  part  of  Suffolk.  Toward  the  northern  border 
of  the  county  it  is  probably  more,  as  the  deep  boring  at  Norwich 
passes  through  nearly  1,160  feet  of  Chalk,  and  that  without  be- 
ginning at  the  top  of  the  formation. 

Of  our  recorded  Suffolk  wells  only  three  reach  the  base  of  the 
Chalk,  at  Mildenhall,  Culford,  and  Combs ;  consequently  we  have 
little  knowledge  of  the  divisions  of  the  Chalk.  These  divisions, 
indeed,  are  of  comparatively  late  invention,  having  been  evolved 
since  the  publication  of  many  of  the  deep  sections  that  have  been 
referred  to. 

If  the  Upper  Chalk  at  Harwich  goes  as  far  down  as  the  flints, 
then  we  must  allow  it  to  be  690  feet  thick,  leaving  little  more  than 
200  for  the  Middle  and  Lower  Chalk  together.  At  Landguard  Fort, 
from  the  same  point  of  view,  the  Upper  Chalk  would  certainly  be 
500  feet  thick,  and  one  cannot  say  how  much  more. 

At  Combs,  on  the  other  hand,  flints  have  been  recorded  as  present 
only  in  the  top  27  feet  of  the  Chalk  ;  but  whilst  this  may  have  been 
owing  in  part  to  the  boring  having  parsed  between  fairly  scattered 
nodules,  and  in  part  perhaps  to  insufficient  care  in  observation,  at 
Harwich  it  is  possible  that  some  flints  may  have  been  carried  down 
in  the  process  of  boring. 

What  evidence  we  have  tends  to  show,  however,  that  the  Upper 
Chalk  forms  a  good  deal  more  than  half,  and  perhaps  about  two- 
thirds,  of  the  formation,  the  Middle  and  Lower  Chalk  being  rather 
thin.  This  agrees  with  what  is  found  in  other  parts  where  the 
Chalk  is  thick,  extra  thickness  being  chiefly  due  to  the  highest 
division.  The  glauconitic  marly  bed  at  the  base  seems  to  be  well 
developed  and  to  be  underlain  by  the  Gault  clay ;  so  that  we  have 
no  good  evidence  of  the  occurrence  of  the  Upper  Greensand.  This 
division  may  be  thinly  represented  at  Mildenhall,  but  it  is  difficult 
to  classify  some  of  the  beds  passed  through  in  the  old  boring  there. 

As  far  as  the  Qault  is  concerned  little  of  course  is  known ;  but 
that  little  points  to  this  formation  being  unusually  thin,  presumably 
only  73  feet  from  top  to  bottom  at  Culford,  and  probably  not  more 
than  between  60  and  60  at  and  near  Harwich.  In  the  north-western 
part  of  the  neighbouring  county  of  Norfolk  it  is  well  known  to  be 
still  less,  the  clay  thinning  out  northward  along  the  outcrop,  until 
at  last  there  is  nothing  but  a  few  feet  of  Red  Chalk  between  the 
carstone  of  the  Lower  Greensand  and  the  Chalk.  The  Gault  being 
of  much  greater  thickness  around  and  under  other  parts  of  the 
London  Basin,  this  thinning  in  Norfolk  and  Suffolk  is  noteworthy. 
The  absence  of  the  more  inconstant  Upper  Greensand  is  to  be  ex- 
pected in  most  places,  and  calls  for  no  remark ;  it  may,  however, 
be  noted  that  geologists  are  coming  to  the  conclusion  that  these  two 
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diTisions  are  really  parts  of  one  formation,  and  one  result  of  this 
geologic  wedding  is  for  the  inconstancy  of  one  partner  to  be  grettlj 
compensated  by  the  constancy  of  tbe  other. 

The  Lower  Greensand  has  been  found  in  one  deep  boring  only, 
at  Culford,  in  the  western  part  of  the  county,  where  it  is  repre- 
sented by  32^  feet  of  somewhat  exceptional  beds.  This  slight 
thickness  prepares  us  for  underground  thinning,  and  in  the  far 
east  of  the  county  the  formation  is  presumably  absent,  there  being 
DO  trace  of  it  at  Harwich  or  at  Stutton. 

With  the  Cretaceous  beds  we  pass  from  the  regular  orderly 
succession  of  geologic  formations ;  indeed,  it  may  be  said  that  whea 
we  reach  the  base  of  the  Gault  we  pass  out  of  the  region  of  fmAt 
into  the  realm  of  speculation. 

We  have  oome  then  to  perhaps  the  most  interesting  problem  in 
the  geolop:y  of  the  Eastern  Counties,  to  the  consideration  of  the 
question.  What  rocks  underlie  the  Cretaceous  beds  at  great  depths? 
In  dealing  with  this  I  must  ask  your  patience  for  frequent  excursions 
outside  our  special  district,  and  sometimes  indeed  far  away  from  it. 

Beyond  the  outcrop  of  the  lower  beds  of  the  Cretaceous  Series 
in  Cambridgeshire  and  Norfolk,  we  find  of  course  a  powerfnl 
development  of  the  great  Jurassic  Series ;  but  the  only  two 
recorded  deep  borings  in  and  near  Suffolk  that  have  pieroed  through 
the  Cretaceous  base,  at  Culford  on  the  north-west  and  at  Harwich 
on  the  south-east,  show  not  a  trace  of  anything  Jurassic :  they  part 
suddenly  from  Cretaceous  into  far  older  rocks.  And  bere  a  paper 
tliat  is  to  be  brought  before  you  must  be  anticipated,  to  a  slight 
extent,  by  adding  that  the  trial-boring  at  Stutton  shows  just  the 
same  thing — the  Gault  resting  directly  on  a  much  older  rock,  which 
cannot  be  classed  as  of  Secondary  age. 

There  is  no  need  now  to  discuss  the  literature  of  the  old  rocks 
underground  in  South-eastern  England:  that  has  often  been  done. 
We  may  take  the  knowledge  of  what  has  been  shown  by  the 
various  deep  borings  as  common  property,  and  may  use  it  freely, 
without  troubling  to  state  the  source  of  each  piece  of  information, 
and  I  will  not  therefore  burden  this  address  with  references.  I  had 
indeed  thought  of  supplementing  a  former  account  by  noticing 
the  later  literature  of  the  subject ;  but  decided  to  spare  you  from 
the  infliction,  and  myself  from  the  trouble  of  inflicting ;  though 
it  may  be  convenient  to  add,  in  the  form  of  an  appendix,  a  list 
of  the  chief  papers  on  the  subject  that  have  been  published  since 
the  question  was  discussed  at  length  in  1889,  in  an  official  memoir 
on  the  geology  of  London,  and  to  supply  some  omissions  in  that 
work.  Nor  do  I  propose  to  make  any  special  criticism  of  papers  on 
the  subject  that  have  appeared  of  late  years ;  this  is  hardly  the 
occasion  for  controversy,  which  may  well  be  put  off  to  a  more 
convenient  season.  Some  general  remarks,  however,  I  shall  have 
to  make  after  putting  the  facts  before  you. 

There  are  10  deep  borings  reaching  to  old  rocks  in  the  London 
Basin,  of  which  accounts  have  been  published.     We  find  that  in 
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4  of  these  (Menx's,  Streatham,  Bichmond,  and  Dover)  Jurassic 
beds  separate  those  rocks  from  the  Cretaceous  bedH ;  so  that  there 
are  6  in  which  these  last  rest  direct  on  old  rocks  (Ware,  Cheshunt, 
Kentish  Town,  Crossness,  Culford,  and  Harwich).  Stutton,  of 
course,  make  a  seventh.  The  Jurassic  rocks  occur  only  in  the 
southern  borings,  either  in  London  or  still  further  southward, 
and  in  one  case  only  (Dover)  is  there  any  considerable  thickness 
of  these :  in  the  other  3  they  are  from  38J  to  87^  feet  thick. 
As  far  as  regards  Suffolk  and  its  borders  we  may  therefore  disregard 
them,  except  in  the  far  west,  near  their  outcrop,  and  we  may  pass 
on  to  consider  the  older  rocks  that  have  been  found. 

So  far  the  occurrence,  next  beneath  the  Cretaceous  or  Jurassic 
beds,  of  Silurian,  Devonian,  and  Carboniferous  rocks  has  been 
proved,  whilst  in  some  cases  we  are  still  doubtful  as  to  the  age 
of  the  old  rocks  found.  In  5  cases  distinctive  fossils  have  been 
found    (Ware,   Cheshunt,    Meux*s,   Dover,   and    Harwich),   but  in 

5  others  they  have  not  (Kentish  Town,  Crossness,  Hichmond, 
Streatharo,  and  Culford),  and  it  is  in  the  latter  group,  too,  that  the 
character  of  the  l)eds  leaves  their  age  in  doubt  So  far  another 
must  be  added  to  these,  as  no  fossil  has  yet  been  found  in  the  old 
rocks  at  Stutton. 

Of  the  above  10  deep  borings  in  the  London  Basin  (nsing  that 
term  in  the  widest  sense,  as  including  the  Chalk  tract  that  every- 
where surrounds  the  Tertiary  beds)  we  owe  9  to  endeavours  to 
get  water  from  deep-seated  rocks,  and  in  addition  to  these  9  we 
have  several  other  deep  borings,  which,  though  not  carried  through 
to  the  base  of  the  Secondary  rocks,  yet  give  us  much  information 
concerning  those  beds  (at  Holkham,  Norwich,  Combs,  Winkfield, 
London,  Loughton,  Chatham,  and  Dover).  In  one  case  only,  that 
of  Dover,  has  the  work  been  done  for  the  pur|)ose  of  exploration, 
but  now,  after  a  few  years'  interval,  a  second  trial  has  been  made 
at  Stutton. 

Now  both  of  these  borings  were  started  for  a  much  more  definite 
object  than  merely  to  prove  the  depth  to  older  rocks,  or  the 
thickness  of  the  Cretaceous  and  Jurassic  Series,  lliere  is  one 
particular  division  of  those  older  rocks  that  has  a  distinct  fascination 
for  others  than  geologists.  We,  happily,  are  content  to  find 
anything  and  to  increase  our  knowledge  in  any  direction,  but 
naturally  those  who  are  not  geologists,  as  well  as  many  who  are, 
like  to  find  something  of  immediate  practical  value.  As  already 
shown,  we  owe  much  knowledge  of  the  underground  extension  of 
formations  to  explorations  for  water ;  it  has  now  become  the  turn 
of  geologists  to  help  those  who  would  like  to  find  that  much  less 
general,  though  nearly  as  needful  and  certainly  more  valuable 
thing,  coal, 

Tiie  first  place  to  suggest  itself  to  those  geologists  who  had 
worked  at  this  question,  as  a  good  site  for  trial,  was  the  neighbour- 
hood of  Dover,  and  for  various  good  reasons.  The  trial  has  been 
made,  and  successfully,  several  hundred  feet  of  Coal-measures 
having  been  found,  without  reaching  their  base,  but  vrvtk  ^an^x^ 
beds  of  workable  coal. 
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Beyond  that  neighbourhood;  however,  geologists  are  not  in  sodi 
aooord,  and  generally  speaking,  fairly  good  reasons  can  be  given 
both  for  and  against  the  selection  of  many  tracts  for  trial,  except 
in  and  near  London,  where  no  geologists  woald  recommend  it,  from 
the  evidence  in  onr  hands. 

Let  us  then  shortly  review  the  evidence  that  we  have  on  the 
nndergronnd  extension  of  the  older  rocks  in  South-eastern  England, 
with  a  view  of  considering  the  question  of  the  possibility  of  finding 
Coal-measures  in  any  of  the  folds  into  which  those  rocks  have 
probably,  nay  almost  certainly,  been  thrown. 

The  area  within  which  the  borings  that  reach  older  rocks  in  tbe 
London  Basin  is  enclosed  is  an  irregular  pentagon,  from  near  DoTer, 
dn  the  south-east,  to  Richmond  on  the  west,  thence  to  Ware,  thence 
to  Culford  on  the  north,  thence  to  Harwich,  and  thence  southward 
to  Dover,  the  greatest  distance  between  any  borings  being  from 
Dover  to  Culford,  about  eighty-six  miles.  It  is  therefore  over 
a  large  tract,  extending,  of  course,  beyond  the  boundaries  sketched 
aliove,  that  we  have  good  reason  to  infer  that  older  rocks  are 
within  reasonable  distance  of  the  surface,  nowhere  probably  as 
much  as  1,600  feet,  and  mostly  a  good  deal  less. 

We  must  now  consider  some  evidence  outside  the  tract  hitherto 
dealt  with.  Southward  of  the  central  and  eastern  parts  of  the 
Jjondon  Basin  we  have  evidence  that  the  Lower  Cretaceous  beds 
thicken  greatly,  from  what  is  seen  over  their  broad  outcrop 
between  the  North  and  South  Downs.  We  know  also,  from  the 
Dover  and  Chatham  borings,  that  the  Upper  and  Middle  Jurassic 
bt^ds  come  in  to  the  south-east,  whilst  the  Sub-Wealden  Exploration, 
near  Battle,  proves  that  those  divisions  thicken  greatly  southward, 
the  latter  not  having  been  bottomed  at  the  depth  of  over  1,900 
feet  at  that  trial-boring. 

Westward,  however,  near  Burford  in  Oxfordshire,  and  some  miles 
northward  of  the  nearest  part  of  the  London  Basin,  Carboniferous 
rocks  have  been  found  at  the  depth  of  about  1,180  feet,  these  being 
separated  from  the  thick  Jurassic  beds  (including  therein  the  Liassic 
and  Rhaetic)  by  perhaps  420  of  Trias.  They  consist  of  Coal- 
measures,  which  were  pierced  to  the  depth  of  about  230  feet 

In  and  near  Northampton,  north-eastward  of  the  last  site,  and 
still  further  from  the  northern  edge  of  the  London  Basin,  the  like 
occurs ;  but  the  beds  found  are  older  than  the  Coal-measures,  and 
the  Trias  is  thin,  not  reaching  indeed  to  90  feet  in  thickness,  and 
being  absent  in  one  case.  At  one  place,  too,  the  Carboniferoas 
beds  have  been  pierced  through,  with  a  thickness  of  only  222  feet, 
when  Old  Red  Sandstone  was  found,  and  in  another  place  still 
older  rock  seems  to  have  been  found  next  beneath  the  Trias.  I'he 
depth  to  the  rocks  older  than  the  Trias,  where  they  were  reached, 
was  677,  738,  and  790  feet,  or  respectively  395,  460,  and  316  below 
sea-level.  Some  of  these  figures  must  be  taken  as  somewhat 
approximate,  though  they  are  near  enough  to  the  truth  for  practical 
purposes. 

A  boring  at  Bletchley,  to  the  south,  reached  granitic  rocks  at  the 
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depths  of  378^  and  401  feet ;  but  these  rocks  seem  to  be  only 
boulders  in  a  Jurassic  clay  :  their  occurrence,  however,  is  suggestive 
of  the  presence  of  older  rocks  at  the  surface  no  great  way  o£f,  in 
Middle  Jurassic  times. 

Much  further  northward,  at  Scarle,  south-west  of  Lincoln,  the 
older  rocks  have  been  reached  at  the  depth  of  about  1,500  feet,  all 
but  141  of  which  are  Trias,  and  they  begin  with  the  Permian 
(which  crops  out  some  eighteen  miles  westward),  the  Carboniferous 
occurring  after  another  400  feet,  and  having  been  pierced  to  130. 

We  have  then  evidence  that  over  a  large  part  of  South-eastern 
England,  reaching  northward  and  westward  of  the  London  Basin, 
though  the  older  rocks  are  hidden  by  a  thick  mantle  of  Jurassic, 
Cretaceous,  and  Tertiary  beds,  yet  they  seem  to  be  rarely  at  a  depth 
that  would  be  called  very  great  by  the  coal-miner.  They  are 
distinctly  within  workable  depths  wherever  they  have  been  reached. 

There  is  no  area  of  old  rocks  at  the  surface  in  our  island,  south 
of  the  Forth,  in  which  Coal-measures  are  not  a  constituent  formation. 
IVuly,  further  north,  in  the  great  tract  of  Central  and  Northern 
Scotland  there  are  no  Carboniferous  rocks ;  but  we  can  hardly  say 
that  none  ever  occurred,  at  all  events  in  the  more  southern  parts. 
We  know,  though,  that  on  the  west  and  north  Jurassic  and  Triassic 
beds  rest  on  formations  older  than  the  Carboniferous. 

It  is  not,  however,  to  this  more  northern  and  distant  tract  that  we 
should  look  for  analogy  to  our  underground  plain  of  old  rooks ; 
rather  should  we  look  to  more  southern  parts,  to  Wales  and  to 
Central  and  Northern  England,  where  Coal-measures  are  of  frequent 
occurrence.  On  the  principle  of  reasoning  from  the  known  to  the 
unknown,  I  cannot  see  why  we  should  expect  anything  but  a  like 
occurrence  of  Coal-measures,  in  detached  basins,  in  our  vast  under- 
ground tract  of  old  rocks. 

What,  then,  is  the  evident  conclusion  from  what  we  know  and 
from  what  we  may  reasonably  infer?  Surely  that  trials  should 
be  made  to  see  if  such  bidden  coal-basins  can  be  found. 

One  trial  has  been  made,  and  it  has  succeeded  :  the  Dover  boring 
has  proved  the  presence  of  coal  underground  in  Eastern  Kent,  along 
the  line  between  the  coal-fields  of  South  Wales  and  of  Bristol 
on  the  west,  and  those  of  Northern  France  and  of  Belgium  on  the 
east. 

The  long  gap  between  Ihe  distant  outcrops  of  the  Coal-measures 
near  Bristol  and  Calais  has  been  lessened  very  slightly  by  the 
working  of  coal  under  the  Triassic  and  Jurassic  beds  near  the  former 
place,  but  much  more  by  our  brethren  across  the  narrow  sea,  the 
extent  of  the  Coal-measures  beneath  the  Jurassic  and  Cretaceous 
beds,  having  not  only  been  proved  by  the  French  and  the  Belgians 
along  their  borders,  but  the  coal  having  been  largely  worked.  At 
last,  we  too  have  still  further  decreased  the  gap,  by  the  Dover 
boring,  a  work  that  I  trust  is  to  be  followed  by  other  work  along 
the  same  line. 

But  is  this  the  only  line  etlong  which  we  are  to  search?  Are 
we  to  conclude  that  the  only  coal-fields  under  our  great  tract  of 
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OretaceoQS  beds  (wbere  these  are  either  at  the  mirfaoe  or  oovered  by 
Tertiary  beds)  are  in  Kent,  Surrey,  and  other  conntiea  to  the  west? 
Have  we  no  coal-fields  but  those  of  Bristol  and  of  Soath  Wales? 
The  bounds  of  our  midland  and  northern  coal-fields  have  been 
extended  by  exploration  beneath  the  New  Red  Series:  are  we  to 
stop  here  and  to  assume  that-  there  can  be  no  further  nnderp^imd 
extension  of  the  Coal-measures  south-eastward  ?  This  seems  hardly 
a  wise  course,  and  is  certainly  a  very  unenterprising  one.  It  seems 
to  me  rather  that  the  right  thing  to  be  done  is  to  try  to  find  out  the 
real  Htate  of  things,  by  means  of  borings. 

There  are,  of  course,  objectors  in  this  as  in  other  matters.  Some 
may  say  that  it  is  silly  to  try  in  Su£folk,  and  that  Essex  gives  a 
better  chance  of  success.  Others,  again,  may  prefer  Norfolk.  And  yet 
others  may  argue  that  there  is  no  chance  of  finding  Coal-measnrei 
in  any  of  those  three  counties.  But  I  must  confess  my  inability  to 
understand  this  line  of  reasoning ;  the  fact  is,  that  the  data  we  have 
are  few  and  far  between,  and  that  we  want  more.  It  is  really  of 
little  use  to  bandy  words,  and  I  do  not  now  mean  to  take  up  the 
matter  in  detail.  We  cannot  get  at  the  truth  except  by  actual  work ; 
justification  by  faith  will  not  hold  in  this  case,  still  less  justification 
by  unfaith. 

Let  us  hark  back  a  little  and  call  to  mind  what  has  happened  in 
the  past  I  remember  the  time  when  certain  geologists  disbelieved 
in  the  possibility  of  the  occurrence  of  Coal-measures  anywhere  in 
South-eastern  England,  it  being  argued  that  the  formation  thinned 
out  before  it  could  get  so  far  eastward.  Then  this  view  was  some- 
what varied,  and  it  was  inferred,  from  certain  observed  facts,  that 
even  if  Coal-measures  did  reach  underground  into  these  benighted 
parts,  they  would  be  without  workable  coal,  and  so  practically 
useless. 

Now  for  some  years  nothing  occurred  to  upset  the  prophets  of 
evil,  that  is  to  say,  no  fact  came  to  light.  There  were  not  wanting 
inferences  to  the  contrary,  but  it  remained  practically  a  matter  of 
opinion.  One  day,  however,  the  needful  fact  came,  and  the  first 
boring  made  specially  to  test  the  question  (at  Dover)  disproved  both 
the  above  negative  theories  by  finding  Coal-measures  with  workable 
coal.  Let  us  hope  that  a  like  result  may  happen  in  East  Anglia, 
and  that  the  pessimists  may  again  be  in  the  wrong. 

We  should  not,  however,  fall  into  the  opposite  error,  that  of 
optimism.  We  must  not  expect  an  immediate  success  like  that  at 
])over.  We  are  here  much  further  from  any  known  coal-field. 
Advertisements  of  various  wares  sometimes  tell  us  that  ''one  trial 
will  suffice,"  but  it  is  not  so  in  this  case.  We  should  not  be 
content  until  many  borings  have  been  made,  and  we  should  not  be 
despondent  if,  after  sites  have  been  selected  to  the  best  of  our 
judgment,  we  begin  with  a  set  of  borings  that  are  unsuccessful  in 
finding  coal. 

At  the  time  of  writing  I  cannot  say  that  the  Stutton  boring  is  a 
success  or  a  failure  as  far  as  coal  is  concerned,  but  I  am  quite  ready 
to  accept  the  latter  without  being  discouraged.     Whatever  it  is  you 
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may  know  dnring  our  meeting;  it  is  certainly  a  suooess  in  the 
matter  of  reaching  the  old  rocks  at  a  depth  of  less  than  1,000  feet 
lYe  should  remeniher  that  every  boring  is  almost  certain  to  give  us 
some  knowledge  that  may  help  in  future  work. 

There  is  a  further  point,  however,  to  be  taken  into  account.  A 
boring  that  may  at  first  seem  to  be  a  failure,  from  striking  beds 
older  than  the  Coal-measures,  may  some  day  turn  out  otherwise. 
The  coal-field  along  the  borders  of  France  and  Belgium  is  sometimes 
affected  by  powerful  and  peculiar  disturbances,  by  faults  of  com- 
paratively gentle  inclination  (far  removed  from  the  usual  more  or 
less  vertical  displacements)  which  have  thrown  Coal-measures 
beneath  older  beds  in  large  tracts.  This  is  no  mere  theory,  though 
advanced  as  such  at  first  by  some  Continental  geologists,  who  have 
had  the  great  satisfaction  of  seeing  their  theory  adopted  by  practical 
men,  and  proved  to  be  true,  much  coal  being  worked  below  the 
older  l>ed8  that  have  been  pushed  above  the  Coal-measures  by 
overthrust  faults. 

Our  trial  work,  of  course,  does  not  yet  lead  us  to  consider  such 
disturbances  as  those  alluded  to.  We  have  at  first  to  assume  a 
normal  succession  of  formations,  and  not  to  carry  on  explorations 
in  beds  that  can  be  proved  to  be  older  than  the  Coal-measures ;  but 
the  time  may  come  when  it  will  be  otherwise. 

Another  matter  to  which  attention  has  been  drawn  by  our  foreign 
friends  is  an  apparent  general  persistence  of  disturbances  along 
certain  lines,  or,  in  other  words,  the  recurrence  of  disturbances  in 
newer  beds  in  those  parts  where  earlier  movements  had  afifected 
older  beds ;  so  that,  reasoning  backward,  where  we  see  marked  signs 
of  disturbance  for  long  distances  in  beds  at  or  near  the  surface,  there 
we  may  expect  to  find  pre-existing  disturbances  of  the  older  beds 
beneath.  This,  however,  is  a  somewhat  controversial  question,  and 
much  remains  to  be  done  on  it ;  but  should  it  be  proved  as  a  general 
rule  it  may  have  much  effect  on  our  underground  coal. 

Finally,  the  question  of  the  possibility  of  finding  and  of  working 
coal  in  various  parts  of  South-eastern  England  is  not  merely  of 
local  interest;  it  is  of  national  importance.  The  time  must  come 
when  the  coal-fields  that  we  have  worked  for  vears  will  be  more 
or  less  exhausted,  and  we  ought  certainly  to  look  out  ahead  for 
others,  so  as  to  be  ready  for  the  lessening  yield  of  those  that  have 
served  us  so  well.  It  is  on  our  coal  that  our  national  prosperity 
largely,  one  may  say  chiefiy,  depends,  and,  as  far  as  we  can  see,  will 
depend.  Let  us  not  neglect  any  of  the  bounteous  gifts  of  nature, 
but  let  us  show  rather  that  we  are  ready  to  search  for  the  treasures 
that  may  be  hidden  under  our  feet,  and  the  finding  of  which  will 
result  in  the  continued  welfare  of  our  native  land. 
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AbSTBACTS  of  PaPEHS  read  at  the  BbITISH  AsaOCIATIOy  IfBETIIiG, 

Ipswich,  September  1895. 
III. — Some  remarks  on  the  Stereorxithes,  a  Group  of  Extisct 
Birds  of  Patagonia.    By  C.  W.  Andrews,  RA.,  B.Sc.,  F.6.S., 
AssiHtant  id  the  British  Museum. 
rpHE  history  of  the  discovery  of  the  extinct  birds  of  Patagonia 
X      is  briefly  given,  and  the  more  important  of  the  opinions  that 
have  been  expressed  as  to  their  affinities  are  noticed. 

The  age  of  the  deposits  in  which  the  remains  occur  is  prohably 
much  later  than  the  Eocene,  to  which  they  are  usually  referred,  and 
may  perhaps  be  taken  as  Miocene. 

The  structure  of  the  skull  and  skeleton  of  PkororhaeoSt  as  de- 
scribed by  Ameghino  in  his  recent  valuable  and  interesting  paper, 
is  discussed  and  compared  with  that  of  some  other  birds.  In  the 
ahsenoe  of  actual  specimens  it  is  impossible  to  arrive  at  any  very 
definite  results,  but  it  may  be  suggested  that  some,  at  least,  of 
the  Stereomithes  may  be  related  to  the  (xeniformes,  particularly  to 
the  Dicholophi.  Others  of  the  group  are  imperfectly  known,  but 
some  of  them  appear  to  di£fer  considerably  from  Phororhaeos,  It 
therefore  seems  probable  that  the  '*  Stereomithes  '*  may  include  a 
somewhat  heterogeneous  collection  of  hirds  which  have  lost  their 
power  of  flight  in  consequence  of  some  local  conditions  affecting 
their  mode  of  life,  and  in  correlation  with  the  reduction  of  their 
wings  attained  a  greatly  increased  8ize.  A  similar  instance  is  to  be 
found  in  the  extinct  birds  of  New  Zealand,  where  the  Dinornithid 
Jpteryx,  Cnemioniis,  Aptornis,  etc.,  all  flightless,  and  for  the  most 
part  of  great  size,  formerly  coexistedl  In  most  cases,  as  soon  as 
the  peculiar  conditions  to  which  they  are  adapted  pass  away,  such 
specialized  forms  become  extinct,  and  this  ap{>ear8  to  have  happened 
to  the  Stereomithes. 

lliere  seems  no  reason  why  such  groups  of  flightless  birds  should 
not  arise  at  any  period  and  in  any  region,  providing  the  conditions 
of  life  are  favourable ;  indeed,  the  Gastornithidae,  in  the  Eocene  of 
Europe,  and  the  Stereomithes,  in  somewhat  later  deposits  in  South 
America,  may  be  taken  as  instances  of  this. 

In  the  Stereomithes  the  keel  of  the  sternum  was  no  doubt  reduced 
or  absent,  so  that  they  were  "  Katites  "  in  the  narrowest  sense  of  the 
word ;  but  on  the  other  hand,  they  can  hartUy  be  referred  to  the 
sub-class  Ratitte  as  usually  understood,  the  members  of  which  possess 
numerous  primitive  characters  which  point  to  the  conclusion  that 
they  are  the  survivors  of  a  group,  or  perhaps  several  groups,  not 
necessarily  contemporaneous,  of  ancient  and  generalized  birds  in 
which  the  power  of  flight  had  been  lost,  perhaps  even  in  the 
Secondar}'  period.  Unfortunately,  the  want  of  any  means  of  dis- 
tinguishing truly  primitive  characters  from  those  which  Furbringer 
calls  **  pseudo-primitive, "  which  are  acquired  in  the  course  of 
retrogression  (ruckhUdung),  makes  it  impossible  to  determine  the 
exact  relation  of  the  "Katitas"  to  other  flightless  birds,  and  until 
a  long  series  of  remains  from  different  horizons  is  available,  this 
uncertainty  must  remain.  It  seems  very  doubtful  whether  Gasiomii 
IB  at  all  related  to  the  Sovitb  American  forms. 
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IV. — The  Gladodonts  of  the  Upper  Devonian  of  Ohio.     By 

Professor  E.  W.  Claypole,  D.Sc.  (Lond.). 

NUMEROUS  specimens  of  the  Cladodonts  of  the  Cleveland  Shale 
in  Ohio  have  been  found  by  Dr.  William  Clark.  They  for  the 
first  time  reveal  to  us  the  general  form  of  the  fishes  to  which 
belonged  the  teeth  that  have  alone  so  long  represented  the  genus 
CladoduB,  The  fossils  are  in  very  fair  preservation,  but  their  state 
of  pyritization  has  obscured  many  of  the  details  of  their  structure. 
So  far  as  regards  their  form,  however,  we  now  know  that  they  were 
long,  slender  fishes,  resembling  in  their  character  the  sharks  of  the 
present  day;  that  they  possessed  well  -  developed  and  powerful 
pectoral  and  caudal,  with  weak  ventral  fins,  the  dorsals  being  un- 
known ;  that  they  were  for  the  most  part,  or  altogether,  spineless ; 
that  at  least  one  species  possessed  cladodont  teeth  of  more  than  one 
pattern  ;  and  that  they  had  near  the  hind  end  of  the  body  a  peculiar 
flat  expansion  or  membrane  of  rudely  semicircular  form,  which 
gave  to  the  caudal  extremity  when  seen  from  above  the  outline 
of  a  sharp-pointed  shovel. 

The  largest  whole  specimen  yet  found  shows  a  fish  of  about  6  feet 
in  length,  but  detached  teeth  and  other  fragments  indicate  others  of 
double  this  size,  and  supply  abundant  proof  that  in  late  Devonian 
times,  and  in  the  North  American  area,  the  elasmobranch  fishes  had 
attained  very  great  proportions  and  a  high  stage  of  development. 

Hitherto  the  Cladodonts  have  been  regarded  as,  in  the  main, 
characterizing  the  Lower  Carboniferous  rocks,  but  we  now  find  them 
abounding  in  the  earlier  Devonian  strata,  and,  as  shown  by  the 
contents  of  their  stomachs,  preying — in  some  cases  at  least — on  the 
smaller  placoderms  of  the  same  area. 

From  the  evidence  of  the  new  specimens  it  appears  most  likely 
that  the  species  already  defined  from  single  and  isolated  teeth  can 
no  longer  be  maintained. 

For  details  see  the  papers  in  the  "  American  Geologist "  for 
1893-4-5.  

V. — The  Great  Devonian  Plaoodebms  op  Ohio,  with  Specimens. 
By  Professor  E.  W.  Claypole,  D.Sc.  (Lond.). 

THE  Upper  Devonian  Shales  of  Ohio  have  recently  afforded 
a  remarkable  seiies  of  fossil  fishes  rivalling  in  size  and  interest 
those  found  many  years  ago  in  the  Old  Red  Sandstones  of  similar 
age  in  Scotland,  and  described  by  Agassiz  and  Hugh  Miller.  The 
earliest  of  these,  DinichthySi  was  closely  studied,  and  its  structure 
was  well  explained  by  the  late  Dr.  Newberry.  It  was  an  immense 
armour-clad  fish,  whose  head  measured  from  2  to  3  feet  in  length. 
TitanichthySf  the  second  of  the  group,  though  less  massive,  was 
of  yet  larger  size.  Gorgonichthys,  the  third,  was  described  by  the 
present  writer  in  1893,  and,  so  far  as  is  yet  known,  was  the  most 
formidable  of  all,  possessing  jaws  of  enormous  size  and  thickness, 
above  24  inches  long,  ending  in  teeth  or  points  from  6  to  9  inches  in 
length.  The  fourth  and  last,  Brontichthys,  of  which  a  description 
was  also  published  by  the  writer  in  the  "  American  Geologist "  for 
1894,  is  equally  heavy  and  of  equal  size,  but  differs  from  oil  t\v^  x^'^\» 
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in  possessing  very  massive  sympbysial  portions  in  the  mandibles 
ivith  sockets  apparently  for  the  reception  of  teeth,  as  in  Titanicktkp, 

Of  the  two  last-named  genera  only  the  jaws  are  yet  known  with 
exactness.  Other  portions  have  been  found  of  Gorgoniehthyt,  bnt 
are  still  embedded  in  the  matrix.  So  far  as  can  at  present  be 
determined,  all  the  four  are  closely  allied  to  CoccoaietM,  and  beloog 
to  the  same  family. 

The  set  of  casts  exhibited  in  illustration  of  the  fossils  has  been 
prepared  by  their  discoverer,  Dr.  William  Clark,  and  faithfully 
represents  the  oripnals,  of  many  of  which  only  single  specimens 
are  yet  known.  The  labour  of  extricating  them  from  the  pyritoos 
shale  has  proved  very  heavy,  and  much  yet  remains  to  be  doDS  in 
this  direction. 

VI.— Zonal  Division  of  the  Carboniferous  System,      By  R  J. 

Garwood,  M.A.,  F.G.S.,  and  J.  E.  Marr,  M.A.,  F.R.S. 
rpHE  authors  call  attention  to  previous  attempts  which  have  been 
JL  made  to  divide  the  Carboniferous  rocks  iuto  zones,  noting  the 
zonal  divisions  of  the  Lower  Carboniferous  rocks  of  North  England 
established  by  De  Koninck  and  Lohest,  and  the  view  expressed  by 
Waagen  that  fuller  work  will  enable  geologists  to  define  a  series  of 
zones  in  the  Carboniferous  as  in  older  and  newer  strata. 

The  detailed  work  of  one  of  the  authors  (Mr.  Garwood)  leads 
them  to  suppose  that  the  following  zones  occur  in  the  Lower 
Carboniferous  beds  of  the  northern  part  of  the  Pennine  Chain  and 
adjoining  regions  : — 

Zone  of  Productus  cf,  Edelburgensis. 
„        P.  latissimus. 
u       P-  giganteus. 
„        Chonetes  papilionacea. 
„        Spirifera  octoplicata. 
Mr.  Garwood  has  traced   the  zone  of  Producttts  latissimus  occu- 
pying the  same  relative  position  to  that  of  P.  giganteus^  from  Settle, 
in  Yorkshire,  to  the  Northumbrian  coast,  near  Howick  Burn. 

The  authors  believe  that  brachiopods  and  goniatites  will  furnish 
good  results,  if  a  detailed  study  of  their  distribution  be  made ;  and 
they  suggest  that  a  committee  be  appointed  to  inquire  into  the 
possibility  of  dividing  the  Carboniferous  rocks  into  zones,  to  call 
the  attention  of  local  observei-s  to  the  desirability  of  collecting 
fossils  with  this  view,  and,  if  possible,  to  retain  the  services  of 
eminent  specialists,  to  whom  these  fossils  mny  be  submitted. 

VIL— Probable  Extension  of  the  Seas  during  Upper  Tertiabt 

Times  in  Western  Europe.     By  G.  F.  Dollfus. 

rpAKING  into  consideration   the  position  and  nature  of  all  the 

J      outliers  of  Upper  Tertiary  age,  the  author  is  led  to  the  following 

conclusions  as  to  the  extenMon  of  the  Neogenic  seas  in  Western 

Europe.      During  Miocene   times  England  was  united  to  France, 

and  we  have  proof   of  \\i^  ^iLx^V^ti^sfe  q^  two  seas  in  the  western 

part  of  Europe :  one  t^xv  iW  ^«a\»  eiX^w^^^  <3N«t  ^%x^.  55k\  ^l^^um 

(Bolderian   system),  Ho\\aa^>  mi^  iti^xVJcL  ^l  v^wcMfiK^— ^\^«^^ 
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this  sea  was  not  very  far  off  the  eastern  coast  of  England ;  the 
other  sea,  the  Western,  or  old  Atlantic  Sea,  was  off  Ireland,  pene- 
trating in  various  gulfs  into  France,  as  in  some  part  of  Contentin, 
Brittany,  in  the  Loire  valley,  in  the  gulf  of  the  Gironde,  but  there 
was  no  way  of  communication  with  the  Mediterranean  basin  crossing 
France.  In  North  Spain  there  are  no  Miocene  deposits,  in  Portugal 
Miocene  beds  are  purely  littoral. 

The  communication  with  the  Mediterranean  Sea  was  certainly  by 
the  valley  of  the  Guadalquivir.  The  Gibraltar  Strait  had  not 
exactly  its  present  place.  The  fauna  of  these  Miocene  coasts  was 
warm  and  very  similar  to  the  existing  fauna  of  Senegal  and  Guinea. 

We  can  divide  Pliocene  time  into  three  periods,  but  the  situations 
of  the  seas  were  not  very  different.  England  was  always  in  direct 
continental  communication  with  France;  the  English  Channel  was 
not  open  at  all.  All  the  Pliocene  deposits  of  Belgium,  North 
France,  or  England,  even  the  Lenham  beds,  are  on  the  side  of  the 
North-eastern  Sea ;  we  find  all  these  patches  on  the  northern  side 
of  the  great  anticlinal  line  of  the  Artois,  Boulonnais,  and  Weald. 
The  fauna  is  different  from  the  Miocene,  and  colder — it  even  turns 
more  and  more  cold  during  the  progress  of  Pliocene  time.  Oq  the 
western  or  Atlantic  side  we  have  little  gulfs  leading  the  sea  into  the 
land,  but  not  so  frequently  and  not  so  far  as  during  Miocene  times. 
The  Cornwall  deposits,  Contentin  beds,  and  the  Brittany  patches 
are  very  limited  ;  the  basin  of  the  Gironde  contains  no  trace  of 
Pliocene  beds,  and  we  have  no  trace  of  recent  marine  beds  at  the 
foot  of  the  Pyrenees.  In  the  north  of  Spain  there  is  also  no  trace  of 
Pliocene  beds.  The  continent  seems  to  have  been  higher,  and  the 
Atlantic  tolerably  distant.  All  the  Portuguese  sands  recently  dis- 
covered are  littoral,  and  only  on  the  Algarve  coast  and  south  of 
Spain  do  we  find  proof  of  the  probable  communication  with  the 
Mediterranean.  The  Gibraltar  Strait  was  not  always  in  the  same 
place  during  Pliocene  time ;  in  the  beginning  probably  the  Guadal- 
quivir valley  to  Murcia  continued  to  be  the  strait,  but  later  the  rock 
of  Gibraltar  was  separated  from  Africa  and  a  new  road  was  open ; 
this  way  was  certainly  deeper  than  the  former  one,  and  as  deep  as 
the  existing  strait.  By  this  depression  the  cold  fauna  of  the  depths 
of  the  Atlantic  penetrated  into  the  Mediterranean  Sea  as  far  as  Sicily 
and  Italy  with  Cyprina  islandtca. 

The  geology  of  Morocco  is  unknown,  but  we  have  plenty  of 
information  on  Algeria.  We  have  there  great  Miocene  deposits 
raised  along  the  Atlas  Chain  up  to  a  great  altitude,  and  a  little 
lower  a  good  and  very  long  band  of  Pliocene  beds  of  marine 
and  continental  origin.  Quaternary  deposits,  similarly  continental 
and  littoral,  occur  lying  along  the  actual  coast,  pointing  out  the 
south  side  of  the  Mediterranean  connection. 

In  a  few  words,  the  English   Channel   has  been   opened  very 
recently,  and  no  sea  occupied  its  place  before.     No  sea  has  crossed 
France  or  Central  Spain,  and  we  are  obliged  to  seek  for  an  outlet 
for   the   Eastern   Sea   during  Miocene  time  b'j  yi«^  ^^  Qi^rssi'KK^^ 
Galieiii,  and  South  Rnaaia,  or  by  the  north  o£  Soo\\«a\^* 
During  the  existence  of  the  Pliooeue  heaa  \\L«t^  -ww^  ^<^  ^'Cosst 


476    Notices  of  Memoirs — F.  W.  Harmer — On  Deep  Boring. 

communicatioD  for  the  Crag  seas  than  the  northern  one,  for  tli6 
western,  the  southern,  and  eastern  sides  were  undoubtedly  shut  iu 
by  land. 

VJII. — On  the  Impobtanck  of  Extending  the  Wobk  of  thi 
Geological  Subyry  of  Gbeat  Bbitain  to  the  Dbep-seatkd 
Books,  by  Means  of  Bobing.     By  F.  W.  Habmeb,  F.G.S. 

THE  systematiG  exploration  of  the  subterranean  geology  of  then 
islands  is  equally  important  from  a  scientific  and  a  practical 
point  of  view.  At  present  our  knowledge  of  the  structure  of  the  roc^s 
which  form  the  foundation  of  our  island  home  is  due  either  to 
isolated  and  occasional  borings,  such  as  that  of  the  Ipswich  Syndi- 
cate  in  search  of  coal,  or  to  deep  wells  sunk  by  mercantile  firms ;  but 
the  latter  do  not  reach  further  than  is  necessary  to  obtain  a  supplj 
of  water,  and  the  work  is  generally  suspended  just  where  it  becomea 
geologically  most  interesting.  But  such  a  Survey  is  important 
practically,  because  unsuspected  sources  of  wealth  may  be  hidden 
under  our  very  feet. 

It  is  a  mistake  to  suppose  that  a  discovery  such  as  that  of  a  new 
coal-field  would  enrich  only  the  landowners  of  the  district,  becaotie 
whenever  any  appreciation  of  real  property  takes  place,  the  State 
at  once  claims  its  share  of  the  increased  value,  both  for  imperial  aod 
local  purposes.  The  average  for  the  whole  country  of  the  rates 
raised  by  local  taxation  alone  was,  for  lb91,  3«.  8d.  in  the  poun«l, 
to  which  must  be  added  imperial  taxes  and  the  tithe.  It  may  be 
stated  roughly,  that  for  every  £100  of  yearly  *  unearned  increment' 
the  State  is  benefited  in  one  way  or  another  by  £25,  or  one-fourth 
of  the  amount.  The  discovery  of  a  new  coal-field  would  cause  in- 
creased prosperity  in  the  district  in  which  it  occurred,  and  from 
this  the  State,  through  taxation,  would  derive  great  though  indirect 
advantage. 

The  growing  difficulty  of  finding  employment  for  the  ever- 
increasing  population  of  these  islands  is  a  strong  reason  why  this 
Survey  should  be  undertaken. 

Part  of  the  cost  might  be  borne  by  the  landowners  under  whoM 
property  any  minerals  were  discovered.  Certain  districts  should 
be  selected  with  the  consent  of  the  Local  Authorities,  and  Parlia- 
mentary power  taken  to  charge  a  royalty  on  any  minerals  obtained 
below  a  certain  depth.  Landowners  would  probably  welcome 
I)ropo8als  to  make  borings  on  their  estates  on  such  conditions.  In 
the  first  instance,  however,  the  Survey  should  map  out  accurately 
the  subterranean  limits  of  existing  coal-fields,  or  mineral-beariug 
rocks,  but  trial  borings  should  be  put  down  in  diflferent  localitits 
and  each  new  boring  would  help  to  show  more  plainly  the  direction 
in  which  further  investigations  should  be  made.  Much  light  would 
be  thrown  by  such  a  Survey  on  the  circulation  of  underground 
waters,  a  matter  of  great  practical  importance. 

The  expense  of  boring  would  be  much  reduced  if  undertaken 
on  a  large  scale,  as  machinery  and  apparatus  would  be  availald^ 
again  and  again.  The  Svwvey  wovild  employ  its  own  workmen,  ivLo 
would  become  increaavngV^  %SL<iv^TA.  wi^  <i^Q\iwsiv»i» 
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Open-air  Studies:  an  Introduction  to  Geoloqy  out-of-doors. 
By  Grenvillb  A.  J.  Cole,  M.R.I.A.,  F.G.S.,  Professor  of 
Geology  in  the  Royal  College  of  Science  for  Ireland,  Dublin. 
London :  Charles  Griffin  and  Co.  (Limited),  Exeter  Street, 
Strand,  1895.  8vo,  pp.  xii  and  322,  with  Eleven  full-page 
Illustrations,  and  Thirty- three  Illustrations  in  text. 

PROFESSOR  COLE  has  done  excellent  service  to  our  science 
if  only  by  pointing  out  to  his  readers  that  geology  is  a  study 
for  the  open  air,  and  can  no  more  be  acquired  satisfactorily  in 
a  museum  or  a  laboratory  than  can  the  study  of  biology.  We  are 
reminded  of  a  story  told  of  the  Swedish.  Botanist  Solander,  who 
had  looked  for  so  long  a  time  at  plants  in  the  Museum  Herbarium, 
that  when  a  green  living  plant  was  brought  to  him  by  a  lady  to 
be  named,  he  studied  it  attentively  and  then  said  :  *'  Mcidam,  if  you 
shall  take  this  plant  home  and  put  it  between  paper  and  shall  sit 
upon  it  for  a  week,  I  shall  tell  you  its  name." 

It  is  by  a  visit  to  a  quarry  by  the  roadside,  or  to  the  cliffs  on 
the  seashore,  that  boys  may  be  stimulated  to  become  geologists ; 
and  it  is  doubtless  due  to  the  inveterate  love  of  bird's-nesting  among 
country  schoolboys  (and  all  schools  ought  to  be  in  the  country) 
that  we  owe  the  passion  for  ornithology  which  has  so  long  prevailed 
amongst  us,  and  is  still  a  dearly-loved  pursuit  of  Englishmen. 

While,  however,  the  love  for  Natural  History  and  the  passion  for 
enquiry  are  usually  born,  and  must  always  be  nurtured  in  the  field, 
yet  we  are  compelled  to  admit  that  no  progress  can  be  made  without 
the  aid  of  books  and  teachers ;  and  that  those  who  seek  not  only  to 
acquire,  but  to  advance,  knowledge  relating  to  rocks  or  fossils,  must 
now-a-days  prepare  themselves  by  a  course  of  study  in  a  petrological 
or  biological  laboratory.  Such  training  is  as  needful  to  the  geologist 
as  it  is  to  the  engineer  or  the  surgeon. 

We  would  not  deter  those  living  in  the  country,  who  have  no 
means  of  special  training,  from  giving  attention  to  geology. 
Regarding  it  as  a  recreative  science  they  may  do  useful  work  in 
collecting  fossils  and  recording  sections  of  the  strata ;  but  one  chief 
lesson  which  all  of  us  have  to  learn  is  how  far  our  own  knowledge 
can  be  relied  upon,  and  when  to  depend  upon  others  for  the 
identification  of  minerals,  rooks,  and  fossils.  Wonder  and  interest 
may  be  aroused  by  personal  observation  among  the  rocks ;  but  the 
lessons  which  can  be  learnt  in  the  field  will  not  be  fruitful  without 
close  attention  to  the  literature  of  the  subject  and  to  present  methods 
of  research. 

Professor  Cole  recognizes  the  need  of  all  this,  and  although  he 
explains  as  many  technical  terms  as  he  can  in  the  field,  he  gives  us 
a  severe  introductory  chapter  on  the  materials  which  form  the 
earth's  crust,  before  he  asks  us  to  accompany  him  out-of-doors. 
In  a  work  dealing  with  so  complex  a  subject  as  geology  it  is 
impossible  to  explain  every  term  that  is  used ;  but  this  account  of 
rocks  and  minerals,  and  elements,  will  show  the  student  the  kind 
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of  fundamental  knowledge  he  must  acquire.  This  very  chapter  ii 
one  that  may  repel  a  general  reader  whose  enthusiasm  has  not 
already  been  kindled,  and  who  desires  only  to  know  the  leadin;; 
objects  and  oouclusifms  of  geological  enquiry;  but  as  no  soand 
knowledge  can  be  acquired  without  application,  the  earnest  student 
will  do  well  to  master  this  prelimiuary  lesson  (with  the  aid  uf 
specimens)  before  he  engages  in  the  more  inviting  open-air  studief. 

Once  in  the  field  the  student  is  led  on  to  "a  mountain  hollow** 
to  witness  the  work  of  glaciers,  and  "  down  the  valley  "  to  examine 
the  work  of  springs  and  rivers.  He  is  taken  more  or  less  rapiillj 
from  one  country  to  another  *'  along  the  seashore  "  and  **  across  the 
plains.'*  He  passes  from  the  '*dead  volcanoes*'  of  Auvergne  and 
other  regions  to  "a  granite  highland,"  and  then  to  the  volcanic 
mountains  of  Skye.  He  is  given  a  rapid  and  consequently  meagre 
account  of  **  the  Annals  of  the  Earth,*'  of  its  main  epochs,  and  their 
rocks  and  fossils.  Then  "  the  Surrey  Hills  "  are  visited,  and  many 
particulars  are  given  of  the  Cretaceous  rocks,  as  a  sample  of  what 
might  be  said  with  respect  to  other  strata  and  their  fossils. 

The  author  introduces  a  table  showing  the  foreign  divisions  with 
which  some  of  our  English  formations  are  correlated ;  but  soch 
names  as  Urgonian  for  Atherfield  Clay,  and  Cenomanian  for  Upper 
Greensand  and  Lower  Chalk,  if  used  at  all  in  this  country,  are  for 
the  Museum  and  not  for  the  Field.  In  their  broad  usage  they 
apply  to  minor  epochs  of  time  rather  than  to  formations :  and  the 
author  rightly  employs  the  local  stratigrapliical  terms  in  his  field- 
lessons.  But  why  separate  Gault  from  Upper  Greensand  in  so 
marked  a  way  as  to  put  the  former  into  Lower  and  the  latter  into 
Upper  Cretaceous  ? 

A  study  of  the  Weald  leads  on  to  a  study  of  "the  folds  of 
mountains,**  and  to  lessons  on  the  results  of  earth-movements  and 
attendant  phenomena. 

The  nine  chapters  dealing  with  open-air  studies  thus  cover  a  good 
deal  of  ground,  and  form  a  fitting  introduction  to  the  principles  of 
geology.  Writing  in  a  pleasant  and  familiar  style,  that  reminds  us 
not  a  little  of  **  The  Gamekeeper  at  Home,'*  the  author  shows  him- 
self so  enthusiastic  a  lover  of  Nature  that  his  work  cannot  fail  to 
arouse  keen  interest  in  geology.  We  would  commend  it  to  all 
beginners,  and  to  the  "  Home  Reading  Union,**  for  although  there 
may  be  a  little  too  much  of  detail,  here  and  there,  to  please  every- 
body, yet  the  explanations  are  lucid,  and  the  narrative  is  for  the 
most  part  attractive  enough,  even  if  it  be  discursive.  We  wonid 
commend  it  also  to  advanced  students  and  teachers,  for  they  would 
surely  freshen  up  their  knowledge  on  many  a  subject,  whether  it 
be  on  salt-lakes  or  volcanic  phenomena,  chalk-flints,  or  pressure- 
metamorphism.  The  beginner,  let  us  hope,  after  reading  this  book, 
will  be  tempted  to  proceed  to  more  systematic  works,  and  although 
in  the  fuller  records  he  will  find  the  facts  not  embedded  in  quite  so 
picturesque  a  matrix,  yet  the  fascinating  Open-air  Studies  of  Prof. 
Cole  will  have  given  the  subject  a  glow  of  animation,  which  will  he 
fostered  and  developed  by  actual  work  in  the  field. 
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THOMAS    JAMES    SLATTER,    F.G.S. 

Born  1834.  Died  August  Ist,  1895. 

Thomas  James  Slatter,  F.G.S.,  whose  decease  we  have  now  to 
report,  died  at  his  house,  The  Drift,  Evesham,  on  the  let  of  August. 
He  was  a  geologist  whose  knowledge  of  the  locality  in  which  he 
lived  and  worked  was  most  intimate  and  reliable.  He  was  born  in 
Gloucester  in  1834,  but  his  family  was  for  many  years  located  at 
Strattou,  near  Cirencester.  He  was  the  cousin  and  intimate  friend 
of  John  Jones,  of  Gloucester,  whose  contributions  to  pages  of  the 
earlier  numbers  of  this  Magazine,  and  to  the  Proceedings  of  the 
Cotteswold  Naturalists  Club,  were  well  known.  Mr.  Slatter  com- 
menced his  business  life  as  quite  a  young  man  in  the  Gloucester- 
shire Bank,  and  then  took  up  his  abode  in  Evesham.  He  became 
successively  manager  of  the  Moreton  -  in  -  Marsh,  Redditch,  and 
Evesham  branches  of  the  Bank,  but  retired  into  private  life  a  few 
years  since,  and,  having  built  anew  house  on  Green  Hill,  near  the 
latter  town,  removed  into  it  his  extensive  and  most  interesting 
collection  of  fossils.  He  was  elected  a  Fellow  of  the  Geological 
Society  of  London  in  1879,  but,  to  the  regret  of  those  who  knew 
how  careful  he  was  as  an  observer,  he  was  never  the  author  of 
any  work  on  geology,  nor  even  of  any  contribution  to  a  periodical 
on  the  geology  of  the  district  he  knew  so  well.  His  death,  by 
paralysis,  took  place  in  the  house  which  he  had  so  lately  erected. 

R.  F.  T. 

JAMES    CARTER,    F.R.C.S.,    F.G.S. 

Born  Octobbb  3&d,  1813.  Died  August  SIst,  1895. 

We  regret  to  record  the  death  of  our  old  and  valued  friend,  and 
fellow- worker  in  fosail  Crustacea,  Mr.  James  Carter,  F.R.C.S.,  F.G.S., 
of  Cambridge,  in  his  eighty-second  year.  During  the  greater  part 
of  his  life  Mr.  Carter  practised  as  a  surgeon  in  Cambridge,  where 
his  house,  in  Petty  Cury,  was  for  many  years  the  resort  of  the 
leading  geologists  and  men  of  science  in  the  University,  who 
never  failed  to  find  in  Mr.  and  Mrs.  Carter  genial,  cultivated,  and 
hospitable  hosts. 

He  was  especially  interested  in  palaeontology,  and  devoted  much 
of  his  time  to  this  and  other  scientific  subjects.  He  contributed 
papers  to  the  Geologioal  Magazine  and  the  Quarterly  Journal 
of  the  Geological  Society,  the  chief  being  "On  a  New  Species  of 
Ichthyosaurus  from  the  Chalk"  (1846),  "On  Orithopsis  Bonneyi" 
(1872),  "  On  a  Skull  of  Bos  prtmigenius  perforated  by  a  Stone  Celt" 
(1874),  "On  the  Decapod  Crustaceans  of  the  Oxford  Clay"  (188G), 
and  "On  Fossil  Isopods,  with  a  Description  of  a  New  Species"  (1889). 

Mr.  Carter  was  recognized  as  an  authority  on  the  fossil  Decapod 
Crustacea;  for  some  time  he  has  been  engaged  in  collecting  materials 
for  a  monograph  on  that  group,  and  has  left  his  manuscript  in 
an  advanced  state.  He  retained  his  interest  in  his  pursuits  almost 
till  the  last,  and  was  engaged  in  his  scientific  work  to  within 
a  few  weeks  of  his  death.     He  served  on  the  Co\]Ai<dU  <^^  \.\>l<^ 
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Geological  and  Palaeontographioal  Societies  for  some  years,  and  was 
a  local  secretary  of  the  latter  society.  Mr.  Carter  presented  his 
collection  of  Cambridge  fossils  to  the  Woodwardian  Museum  some 
years  before  his  death. — (H.  W,  and  AihenaumJ) 

PROFESSOR    SVEN    LOVEN, 

OF    STOCKHOLM. 
Born  January  6th,  1809.  Died  September  3rd,  1S95. 

Another  distinguiHhed  biologist  has  just  passed  away,  one  out  of 
a  number  of  those  whose  births  have  made  famous  the  be^aning 
of  this  century,  now  so  nearly  expired.  Loven  of  Stockhohu  lusr 
well  take  rank  with  Owen  of  London,  Milne-Edwards  of  Pariflt 
Siebold  of  Munich,  and  Van  Beneden  of  Louvain,  as  one  of  the  great 
pioneers  of  natnral  science. 

Lovcn  was  bom  at  Stockholm  in  1809,  and  matriculated  at 
Upsala,  taking  the  degree  of  Doctor  of  Philosophy  in  the  University 
of  Lund.  In  1830  he  became  a  Docent  of  the  University,  and, 
after  having  attended  the  lectures  of  Ehrenberg  and  Hitter  at  Berlin, 
he  devoted  himself  to  the  study  of  the  marine  fauna  of  the  shores  of 
Scandinavia,  explored  the  Baltic  and  North  Seas,  and  et)n<l noted  the 
first  scientific  expedition  to  Spitzbergen  in  1837.  Loven  was  elected 
Professor  of  Geology  and  Keeper  of  the  Invertebrata  in  the  Natur/d 
History  Museum  in  Stockholm  in  1841.  In  18G8  the  University  of 
Lund  conferred  upon  him  the  degree  of  M.D.  honoris  causa. 

Ah  early  as  1835  we  find  him  writing  upon  the  hydroid  zoophytes; 
in  1816  he  published  an  Index  of  the  Mollusca  of  the  Western  Shores 
of  Scandinavia,  and  devoted  himself  to  the  study  of  the  dovelopmeut 
of  mollusca.  Later  on  in  life  he  made  a  minute  examination  of  the 
structure  of  Echinoderms,  on  which  he  published  several  beauiifuily 
illustrated  memoirs. 

Writing  at  first  in  Swedish  or  in  German,  he  gave,  later  on,  his 
results  in  French,  but  for  the  closing  years  of  his  laborious  life  he 
wrote  in  English.  As  the  chief  of  an  important  department  of 
the  Zoological  Museum  at  Stockholm,  he  brought  his  exhibited 
specimens  to  a  high  degree  of  artistic  beauty,  and  it  was  in  virtue 
of  this  position,  and  not  because  of  any  connection  with  a  Uuiveisiiy, 
that  he  was,  secundum  mores  Scania,  known  as  Professor. 

His  researches  on  the  anatomy  and  physiology  and  the  geo- 
graphical distribution  of  the  marine  invertebrata,  gained  for  him 
election  as  a  Member  of  the  Academy  of  Stockholm  in  1840.  He 
was  made  a  Corresponding  Member  of  the  Institute  of  France  in 
]872;  a  Foreign  Meral>er  of  the  Geological  Society  of  London  in 
1882,  and  of  the  Royal  Society  of  London  in  188o.  He  resigned 
his  connection  with  the  Museum  a  few  years  since,  the  burden  of 
bodily  pains  being  too  great  for  his  advancing  years,  rendered  sad 
by  the  early  death  of  a  son  of  great  promise.  Those,  however,  wIp 
had  been  brought  into  personal  contact  with  him  felt  that  so  loiijf 
as  Loven  lived  they  had  a  real  friend.  His  charming  geniality  and 
his  remarkable  kindness  to  men  much  younger  than  himself  mada 
a  deep  and  lasting  \tn\^Teftft\otv  ow  «Al  who  had  the  pleasure  to  knoir 
Lim  personally.— (Vnv^^^^^^^  AlVe?Mwm,'$sfc^\.V^Ui,  1895.) 
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I. On    DiDTMOQBAPTUS,    TXTBdGBAPTUS,   AND   PhTLLOORAPTUS. 

By  Dr.  Gbrhabd  Holm, 
PakBontologist  to  the  Geological  Survey  of  Sweden,  Stockholm. 

Tranilated  from  the  original  in  Gcol.  Foren.  i  Stockholm  Forhandl.,  Bd.  XYII, 
Haft  iii.  No.  164,  1896,  pp.  319-359.  By  G.  L.  Elles  and  E.  M.  fi.  Wood, 
Newnham  College,  Cambridge. 

(PLATES  XIII  AND  XIV.) 

{Coniinutd  from  the  October  Number^  page  441.) 

DiDYMOORAPTUS   GIBBBRULUS,    Nioll. 
Hoberg,  Nya  Grapt.  fr&n  Sk&ne,  p.  345,  pi.  viii,  figs.  3-7. 

AS  has  been  previously  indicated  (see  p.  439^),  the  conclusion  might 
be  drawn  from  Moberg's  description  and  figures  of  this  species, 
interpreted  by  the  knowledge  of  the  true  structure  of  the  DidymO' 
graptuB  polypary,  that  the  structure  of  the  proximal  part  could  in  no 
essential  particulars  be  separated  from  that  just  described  in  D.  mt- 
ti«/tf«,  Mut  Consequently  the  genus  laograptus,  which  was  proposed 
by  Moberg  for  the  species  in  question,  is  not  authorized — at  least,  as 
founded  on  any  of  the  characters  cited  by  Moberg.  The  differences 
between  Jsograptus  and  Didymograptus,  to  which  latter  genus  the 
species  is  referred  by  Nicholson,  ought  to  be,  according  to  Moberg, 
that  in  Didymograptus  "both  stipes  arise  at  somewhat  different 
levels  on  the  sicula,"  and  that  "each  branch  is  itself  bilaterally 
symmetrical  " ;  whilst,  on  the  contrary,  in  laogrnptus  the  stipes  should 
"arise  bilaterally  symmetrical  from  the  sicula,"  and  each  branch 
is  not  itself  bilaterally  symmetrical.  As  we  have  seen  above,  in 
reality  in  Didymograptus  the  left  stipe  is  not  bilaterally  sym- 
metrical, and  the  symmetry  in  the  right  stipe  is  entirely  the 
same  as  that  which  is  described  by  Moberg  in  Isograptus,  namely, 
obliquely  near  the  base,  because  the  stipes  do  not  arise  from  the 
side  of  the  sicula,  but  from  the  "connecting"  canal. 

No  one  believes  for  a  moment  that  the  presence  of  symmetry  in 
stipes  i8  a  distinction.  The  same  is  also  the  case  as  regards  the 
point  of  origin  of  the  stipes.  As  has  been  shown  above,  the  stipe 
ariset  in  Didymograptus  from  a  point  on  the  left  side  of  the  sicula, 
and  this  is,  therefore,  the  apparent  point  of  origin  of  the  right  stipe 
from  the  right  side  of  the  sicula,  as  is  believed  by  Moberg,  and 
which,  as  has  been  previously  shown,  lies  at  a  different  level  to  that 

'  The  reference  in  the  October  Number,  p.  439,  to  PI.  XIV  Is  an  error;   it 
shoold  be  to  K.  XIII. — Edit.  Geol.  Mao. 
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of  the  left  stipe.  It  follows  from  Moberg*B  description  tbst  the 
relation  is  completely  the  same  in  iBograptua,  as  we  shall  see. 

According  to  Moberg,  whose  material  consisted  entirely  of  mnch 
compressed  specimens  in  shale,  the  impressions  in  the  shale  of  the 
two  sides  of  the  polypary  present  "as  regards  the  proximal  part** 
(including  the  sicnla)  **  a  somewhat  dififerent  appearance."  On  the 
one  side  (dorsal  side  of  Moberg)  the  *'  sioula,"  according  to  Mobeig's 
interpretation,  would  be  divided  longitudinally  from  the  middle, 
and  would  form  '*two  similar  primordial  thecsB  grown  together 
along  their  whole  length,"  except  near  the  apertures.  To  each  side 
of  the  **  sicula  '*  a  theca  is  attached,  and  grows  with  it  for  the  whole 
of  its  length.  Again,  on  the  opposite  side  of  the  polypary  (ventral 
side  of  Moberg)  no  such  division  in  the  proximal  part  of  the  sicula 
has  been  observed,  and  the  "  sicula "  passes  up  on  the  dorsal  side 
into  two  lateral  thecse,  between  which  the  divided  apertural  part  of 
the  sicula  (primordial  thecse)  is  visible. 

On  comparing  the  figures  and  descriptions  with  those  of  D.  mtaiiiKf, 
Mnt,  it  is  clear  that  figs.  3  and  7a  represent  the  sicula  side; 
to  fig.  76  and  the  remaining  figures  there  is  no  reference,  but 
fig.  5,  and  probably  also  fig.  4,  represent  the  anti-sicula  side  with 
the  connecting  canal,  which  Moberg  regards  as  a  longitudinally 
divided  sicula  ("primordial  thecsd")  consisting  of  the  sicula  and  the 
left  theca,  which  latter,  as  in  Phyllograptus  and  probably  also  in 
TttrograpiuBj  arises  either  at  the  apex  of  the  sicula  or  immediately 
near  thereto.  It  is  clear  that  the  partition  wall  between  the  true 
sicula  and  the  left  theca  has  not  left  any  impression  on  the  shale  on 
the  anti-sicula  side,  from  the  fact  that  it  is  concealed  by  the  con- 
necting canal,  which  forms  on  this  side  the  proximal  part  of  the 
primordial  thecce,  and  passes  over  on  one  side  into  the  right  theca, 
and  on  the  other  into  the  theca  immediately  succeeding  the  left 
theca.  Although  IHdymograptui  gibherulus  differs  from  D.  minutus, 
Mut.,  in  the  position  on  the  sicula  of  the  point  of  origin  of  the 
left  theca,  and  agrees  in  this  respect  with  Phyllograptus  anguBtifoliut, 
Hall,  and  Tetragrapim  Bigabyi,  Hall,  this  is  not  a  sufficient 
reason  for  retaining  the  genus  hograptus,  for  to  judge  from 
Tiimquist's  figures  (Siljansomr&dets  Grapt.,  I,  pi.  i,  figs.  13,  14) 
the  same  would  be  the  case  in  such  a  typical  Didymograptus  form 
as  D.  decens,  Tornq.  In  this  connection  a  question  concerning  the 
structure  of  D.  gibherulus  may  be  discussed.  In  the  generic  diagnosis 
and  afterwards  in  the  descriptions,  Moberg  characterizes  IsograptM 
without  reservation  as  a  two-stiped  form.  In  spite  of  this  he  seems, 
as  far  as  I  can  understand,  curiously  enough,  to  contradict  himself 
at  the  end  of  his  descriptions,  and  inclined  to  accept  the  existence  of 
four  branches  in  the  same,  where,  mentioning  that  **  the  apex  of  the 
sicula  ends  in  a  narrow  tubular  appendage,  also  observed  in  very 
young  individuals,  and  that  this  appendage  seems  at  a  considerable 
distance  from  the  sicula  gradually  to  increase  not  inconsiderably  in 
width,"  Moberg  remarks — '*  Since  this  dilatation  never  takes  place 
much  outside  the  part  of  the  appendage  enclosed  by  the  stipe,  we 
should  not  run  any  risk  in  considering  the  appendage  of  the  sicula 
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as  part  of  a  third  branoh  (but  which  also  might  cause  it  to  be 
supposed  that  still  another  branch  existed,  concealed  in  the  rock)." 

This  appendage  of  the  sicula  is,  however,  quite  certainly  not 
a  branch,  but  is  formed  by  the  unusually  long,  thread-like  extension 
of  the  initial  part  of  the  sicula,  as  shown  by  an  isolated  specimen  of 
my  ..own  from  the  grey  glauoonitio  Vaginatenkalk  near  Ualli^dden, 
in  Oland.  The  length  of  this  in  the  specimens  in  question  is  over 
7  mm.,  while  the  length  of  the  branches  is  only  3  mm.  It  tapera 
gradually  for  the  whole  of  its  length  towards  the  apex. 

In  connection  with  the  genus  Didymograptm  may  be  mentioned  a 
singular  form  of  graptolite  (PI.  XIII,  Figs.  4r-6),  the  figure  of  which 
is  drawn  from  a  damaged  specimen,  but  subsequently  two  complete 
ones  were  obtained.  The  structure  of  the  polypary  is  very  simple, 
as  besides  the  sicula  it  is  formed  only  of  the  left  theca  and  the 
connecting  canal.  A  comparison  between  the  figures  of  D.  minutus 
(Mut.)  and  the  present  form,  placed  side  by  side  and  viewed  in 
the  same  position,  shows  that  in  the  latter  the  development  of  the 
parts  mentioned  is  completely  similar  to  that  in  Didymograptus, 
with  the  exception  that  from  the  bud  of  the  sicula  is  developed 
besides  the  connecting  canal  only  a  left  theca,  but  no  left  stipe. 
The  connecting  canal  ends  also  near  the  right  side  of  the  sicula, 
without  even  giving  origin  to  any  right  theca  in  case  the  connecting 
canal  itself  does  not  function  as  such.  In  the  figured  specimen  tl>e 
free  apertural  margin  of  the  connecting  canal  projects  slightly  at  its 
upper  corner  from  the  right  side  of  the  sicula.  This,  however,  is 
not  the  case  with  the  other  two  specimens.  The  sicula  is  provided 
with  a  true  apertural  spine,  which  originates  in  the  periderm  some 
distance  behind  the  aperture,  in  the  same  way  as  the  spines  in 
Diplograptus,  sp.  (p.  438),  and  it  appears  to  be  of  the  same  nature, 
but  curiously  enough,  contrary  to  what  is  usually  the  case,  it  lies  on 
the  right  side  of  the  theca.  The  aperture  of  the  left  theca  is  turned 
straight  out,  and  the  lines  of  growth  on  the  anti-sicula  side  show  the 
same  course  as  in  the  common  canal — or  the  proximal  part  of  the 
second  theca  on  the  left  branch — in  D.  minutus,  Mut.  (Figs.  3 
and  6). 

That,  however,  the  left  theca  is  certainly  terminal,  and  that  con- 
sequently the  left  branch  cannot  develop,  is  clearly  shown  by  the 
fact  that  the  course  of  the  growth-lines  is  everywhere  quite  regular, 
and  parallel  with  the  apertural  margin  ;  therefore  no  indication 
whatever  of  bud  formation  can  be  perceived  on  the  proximal  part 
of  the  left  theca,  either  in  this  way  or  in  surface  relief  To  this 
may  be  added  what  we  have  seen  concerning  the  growth  of  the  left 
branch  in  D.  minutuSj  Mut. :  the  formation  of  the  common  canal  and 
left  theca  takes  place  simultaneously,  so  that  an  interthecal  wall 
cannot  originate  in  a  completed  part  of  the  stipe. 

It  has  been  observed  in  many  cases  that  the  same  thing  occurs  at 
the  distal  end  of  the  stipe  :  PI.  XIV,  Figs.  6,  13,  14.  It  follows, 
therefore,  that  in  the  present  form  no  left  branch  can  be  supposed 
to  develop  from  the  aperture  of  the  left  theca.  The  development  of 
a  right  theca,  or  a  right  branch,  from  the  connecting  canal  does 
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not  Beem  to  be  in  any  way  impossible.  It  is  uncertain  whether  the 
Graptolite  in  question  is  only  a  young  form  or  a  distinct  and  fully 
developed  species,  the  development  of  which  ceased  at  this  stage. 
How  it  comes  about,  I  have  not  yet  been  able  to  decide.  I  have  not 
found  with  it  any  species  to  which  it  could  be  referred.  If  a  right 
branch  should  really  be  developed,  the  form  might  be  referred  to  the 
genus  AzygograptuMf  Nich.  and  Lapw.,  in  which  only  one  branch 
grows  out  from  the  free  sicnla.  How  and  from  what  side  of  the 
sicula  the  branch  arises  in  AzygograptuSf  does  not  definitely  appear 
from  the  descriptions  and  figures  given  of  the  forms  placed  under  it 
Probably  the  present  form  is  a  transitional  type  between  Did^m- 
grapiut  and  Azygograptut, 

Genus  Tbtraobaptub,  Salter. 

Hall^  first  described  the  proximal  end  in  Telragraptus  :  '<In  the 
Graptolites  with  four  stipes  the  condition  appears  like  that  of  two 
individuals  of  two-stiped  forms,  conjoined  by  a  straight  connecting 
process  of  greater  or  less  extent,  with  the  radicle  point  in  the  centre, 
thougli  often  obscurely  marked.  This  connecting  process  is  always 
destitute  of  cellules,  and  this  with  its  divisions  I  have  termed  the 
funicle."  Upon  this  statement  is  founded  the  presence  of  a  tabular 
funiole  uniting  two  sides  of  the  polypary  in  forms  with  foar  or  more 
stipes  belonging  to  the  Dichograptidse.  Almost  all  later  authors, 
as.  for  example.  Lap  worth  and  Nicholson,  have  followed  Hall  in 
believing  that  the  funiole  is  destitute  of  thecsB.  I,  however,  have 
deHcribed  the  presence  of  a  theca  on  each  side  of  the  sicula  in  the 
fuuicle  in  Trochogrnptua  diffusus,  Holm,  whose  proximal  aid  is 
similar  to  that  of  Tetragraptus. 

On  these  grounds,  and  in  consideration  of  the  many  branched 
Diohograptidas  being  embedded  in  shale,  and  therefore  showing  the 
thecaj  of  the  central  part  of  the  polypary  only  in  very  exceptionally 
favourable  cases,  and  as  these  tbecae  are  analogous  to  those  in 
Didymograptu8  and  other  forms  which  are  better  exposed,  I  draw 
the  conclusion  that  the  funicle  in  many  cases,  if  not  always,  was 
furnished  with  thecse. 

Curiously  enough,  Tornquist  believes  (SiljansomrSdets  Grapt,  i. 
p.  15)  that  "the  expanded  end  of  the  sicula  in  Dichograptidse  which 
liave  more  than  two  primary  branches  divides  repeatedly  into  two, 
and  thus  without  apparent  bordeV  passes  over  into  the  theca-hearing 
polypary  " ;  and  it  appears  tiiat  on  account  of  the  supposed  difference 
between  Didymograptua  and  the  remaining  Dichograptidfe,  he  is  in- 
clined to  separate  the  former  as  the  type  of  a  distinct  family— 
Didymograptidae. 

A  **  funicle  "  has  not  been  found  in  any  Graptolite. 

Tetragraptus  Bigsbyi.  Hall.     PI.  XIII,  Figs.  9-16;  PI.  XIV, 

Figs.  13-16;  Figs.  1-6,  p.  485. 

This  is  the  only  form  of  Tetragraptus  upon  which  1  can  offer 
any  remarks. 

'  **  Graptolites  of  the  Quebec  Group  "  :  Geol.  Sunr.  Canada,  dec.  ii,  1865,  p.  19. 


Tttragraptui  Bijibfi,  HalL 

[Eeprodnction  ol  Taf.  12  in  Dr.  H.olm't  qh^u^fVfci.^ 
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In  consequenoe  of  the  thickness  of  the  periderm,  I  have  not  heen 
fortunate  enough  to  make  it  sufficiently  transparent  to  show  the 
course  of  the  growth-lines.  In  most  cases  the  specimens  have  been 
well  preserved,  with  the  exception  of  the  apex  of  the  sicala,  which  is 
nearly  always  crushed. 

As  I  could  not  sacrifice  my  best  preserved  specimen  for  sectioning, 
I  have  not  been  able  to  distinguish  the  connecting  opening  between 
the  sicula  and  left  theca.  Probably  it  is  situated  near  the  initial 
point,  as  in  Phyllograptus  angusti/oUus  (PI.  XIV,  Fig.  9).  The 
development  of  the  left  theca,  the  connecting  canal,* the  right  theca, 
and  the  oommon  canals,  agrees  in  all  essentials  with  that  of 
Didymograptus  (PI.  XIV,  Figs.  13-16).  These  figures  very  clearly 
represent  the  DidymograptuS'Sttige  of  a  young  specimen,  in  which 
the  four  branches  of  the  second  order  have  not  yet  begun  to  be 
formed. 

The  differences  which  are  found  between  the  Didymograptus-sih^ 
of  r.  Bigsbyi  and  that  of  D.  mtntittta,  Mut,  may  depend  on  the  difierent 
angle  of  divergence  of  the  stipes,  and  thus  might  be  termed  specific. 
A  comparison  between  the  latter  and  T.  fruticoaus.  Hall,  in  which 
the  angle  of  divergence  is  about  the  same,  would  certainly  show 
complete  correspondence  in  detail. 

The  foramen  between  the  left  tbeca  and  the  connecting  canal,  with 
the  left  common  canal,  is  visible  from  both  the  sicula  and  anti-sicula 
side  (see  Page-illustration,  p.  485 ;  Figs.  1  and  2  show  examples}. 
The  detailed  explanation  of  the  figures  gives  an  exhaustive  de- 
scription of  the  structure  of  the  proximal  part.  Here  only  may 
be  noticed  the  great  width  of  the  connecting  canal  in  T.  Bigshyi, 
and  how  it  forms  along  the  sicula  and  left  theca  a  raised  pro- 
jection on  the  anti-sicula  side,  in  consequence  of  the  situation  of 
the  foramen  near  the  proximal  end  of  the  sicula ;  these  are,  there- 
fore, here  nearly  completely  concealed  by,  and  embedded  in,  the 
connecting  canal,  in  the  interior  of  which  they  stand  out  in  relief 
(see  Page- illustration.  Fig.  2).  On  the  anti-sicula  side,  therefore, 
only  the  proximal  apex  and  a  narrow  border  of  the  sicula,  and  the 
left  theca  near  its  aperture,  are  visible ;  similarly,  as  in  Didymo- 
graptuB  the  connecting  canal  is  somewhat  oblique  in  relation  to  the 
long  axis  of  the  sicula.  In  consequence  of  a  direct  cleaving  of  the 
common  canal  by  a  vertical  wall,  the  formation  of  two  branches 
on  each  side  of  the  connecting  canal  occurs,  whereby  there  arise 
the  four  stipes  of  Tetragraptus. 

ExPLAjfATioN  OF  Page  ILLUSTRATION  (sco  p.  485)  printed  in  the  text 

Tbtraqraptus  BiosBYi,  Hall. 

FiQ.  1. — Proximal  part  from  the  sicula  side,  with  the  outer  walls  of  the  theca*  on 
this  side  removed  so  as  to  show  the  iuterior.  The  foramen  between  the 
sicula  and  left  theca  is  not  visible;  that  between  the  left  theca  and 
connecting  canal  is,  however,  shown  on  the  left  side ;  the  anterior  leit 
branch  is  completely  cut  off,  and  of  the  posterior  branch  only  the  ba^ 
remains,  whicn  arises  from  the  common  canal.  On  the  right  side,  the 
right  aperture  of  the  connecting  canal  is  indicated  by  the  ught,  which, 
behind  the  sicula,  through  the  foramen  of  the  left  theca  and  connecting 
canal,  jointly  falls  into  the  background  of  the  passage  between  the  Utt«r 
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and  the  common  canal  belonging  to  the  right  theca  and  right  branch. 
The  edge  of  the  aperture  in  the  right  theca  is  injured,  but  the  inter- 
thecal  wall,  which  separates  this  from  the  anterior  and  posterior  oldest 
thecae  of  the  right  branch,  is  conspicuous.  The  anterior  right  branch 
is  completely  cleared  away,  and  only  a  narrow  border  of  tne  base  of 
the  posterior  branch  remains.  The  large  opening  shows  the  connection 
(common  canal)  between  the  two  right  branches.  The  projecting  edge 
of  the  same  is  formed  by  a  diaphragm-like  intercalated  lamella. — 
Enlarged  20  diameters. 

Fio.  2. — The  proximal  part  from  the  anti-sicula  side,  with  the  external  walls  of  the 
connecting  canal  and  the  right  theca  removed  in  order  to  show  the 
interior  of  the  connecting  canal  and  its  relation  to  the  common  canal. 
The  sicula,  the  apertural  margin  of  which  is  perfect,  appears  in  relief 
within  the  connecting  canal ;  the  same  is  the  case  with  the  left  theca, 
the  foramen  of  which  touches  the  sicula  wall.  On  the  right  side,  the 
common  canal  for  the  left  branch  arises^  on  the  left,  that  oelonging  to 
the  right  theca  and  right  branch.  Of  the  distal  interthecal;  wall  of  the 
right  theca  the  further  part  remains.  The  posterior  right  branch  is 
completely  removed,  and  only  the  base  of  the  anterior  remains,  showing 
the  curvea  inner  edge  of  the  interthecal  wall  between  the  first  and  second 
thecsB  of  the  latter  branch. — Enlarged  30  diameters. 

Fio.  3. — San^e  specimen  as  Fig.  9,  PI.  XIII.  Longitudinal,  vertical  section  of  the 
sicula,  on  the  sicula  side  of  the  polypary,  showing  the  interior  of  a  part  of 
the  left  half,  of  the  sicula,  and  to  the  right  of  this  a  transverse  section 
of  the  connecting  canal.  The  foramen  between  the  sicula  and  left  theca 
IS  not  visible,  as  it  lies  higher  up  within  the  part  of  the  proximal  end  of 
the  sicula,  which  has  not  been  cut  away. — Enlarged  30  diameters. 

I  ^  Sicula.  II  »  Left  theca.  Ill  =  Right  theca. 

Genus  Phtllogbaptos,  HalL 

No  description  of  the  structure  of  the  proximal  end,  founded  on 
actual  or  certain  observations,  is  known.  Hail  thus  summarizes,  in 
his  generic  description,  what  he  knows  of  the  proximal  end:  ^^Tlie 
whole  supported  on  a  slender  radicle  or  oonibined  in  groups" ;  and  he 
believed  that,  since  the  proximal  end  was  provided  with  a  *' radicle,*' 
the  majority  were  free  in  the  same  manner  as  in  Diplograptus,  whilst 
others  were  attached  in  groups  to  some  support  which  bore  them. 
In  the  figures  only  P.  typus^  Hall,  is  shown  with  a  long  cuneiform 
diminishing  "radicle,"  which  according  to  the  description  sometimes 
approaches  half  an  inch  in  length.  In  the  remaining  three  species 
the  radicle  is  not  visible,  and  it  is  described  in  the  text  as  "  minute  " 
or  **  scarcely  visible." 

Lapworth,  although  he  probably  did  not  possess  a  good  specimen 
of  Phyllograptus,  and  therefore  could  not  observe  the  development 
of  the  polypary,  as  early  as  1873  rightly  interpreted  the  same  and 
the  position  of  the  sicula:  '* Polypary  composite,  being  essentially 
a  quadribrachiate  monoprionidian  polypary,  whose  branches  coalesce 
by  the  whole  of  their  dorsal  surfaces ;  sicula  embedded — the  major 
extremity  forming  the  proximal  end  of  the  adult  polypary."  The  only 
observation  on  the  sicula  in  Phyllograptus  agreeing  with  the  reality 
is  that  given  by  Tomquist  (Siljan.  Grapt.,  i,  p.  20),  where  in 
P.  densuB,  Tomq.,  he  "believes  himself  to  have  observed  a  sicula 
with  a  jutting-up  apex,  between  the  most  proximal  thecal  circle"; 
he  adds,  however,  that  this  requires  confirmation. 

Aooording  to  Tornquist,  the  thecas  should  be  situated  in  four 
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eircl6C»  and  the  four  rows  of  thece  are  therefore  of  eqml  height  It 
follows  from  this  that  the  genos  PkffUcgr&ptm»  miui  be  oooadered 
to  hsTe  ariten  from  foar  hraiich€9,  like  thoae  of  a  Tefrofiw^tef,  with 
their  hacks  to  eadi  other,  and  that«  ainoe  the  sieola  In  Teiimgtmfim 
can  branch  dichotoroooalj,  the  fint  thece  of  the  brmnchea  oeght  to 
be  of  the  same  height. 

We  have  aeen  aboTe  that  the  ticela  does  not  brandi  eidier  ia 
Tetragraptmt  or  in  Pkifllograpius,  hot  that  without  thia  it  gifct 
origin  to  thecas  which,  both  in  IXdpmograpims  and  Diplogr&fiu, 
are  dcTeloped  from  each  other,  and  thmfore  oocopj  n  diffmat 
height  in  the  poljpary.  Tomqtiiat't  aopposition  of  n  drcolar 
arrangement  of  the  thec»  is  therefore  incorrect.  The  figures  show 
that  the  arrangement  changes  conspicoooslj  (PL  XI Y).  His  n 
dae  to  the  fact  that  the  thece  in  different  rows  are  separated  by 
longitudinal  s<*pta,  and  are  dcTeloped  completely  independently  of 
each  other,  and  therefore,  since  the  height  of  the  theca»  can  changOb 
any  Tory  regular  arrangement  is  impossible. 

ToUberg  has  done  greater  oervioe  than  any  other  in  emphasiziiig 
the  near  generic  relationship  between  TetragrapiuM  and  Phf^ 
graptms.  In  his  Classification  of  Gnptolites,  mainly  based  on  tint 
of  Lap  worth,  which  he  justly  takes  to  be  the  most  natural,  op-to- 
date,  analytical  table  of  the  more  important  Oraptolite  genera,  be 
has  partially  introduced  some  emendationo.  One  of  these  is  tho 
•oppression  of  the  section  Tetraprionidad,  originally  proposed  by 
Hopkinson  for  the  genos  PhyllograptuB  and  accepted  by  Nicholsoa 
and  Lap  worth.  Tullberg  rightly  places  Phyllograptus  with  the 
DicliograptiHfld  as  a  close  ally  of  TetragraptvB,  Tiimquist  (Siljan. 
Grapt.)  again  returns  to  the  old  way,  and  has  plaoed  Phgllograpttn 
in  a  separate  family,  Phyllograptidas,  allied  to  Dichograptidae. 
TetragraptuB  and  Phyllograptui  are  therefore  separated  from  each 
other  by  Didymograptus,  which  Tomquist  places  in  the  Dicho« 
graptidas. 

PhYLLOORAPTUS  ANGU8TIF0UU8,  Hall.      PI.  XIV,  Figs.  1-12. 

By  comparing  the  figures  of  T.  Bigshyi,  Hall,  and  this  species, 
the  close  agreement  between  them  is  quite  evident,  both  in  internal 
and  external  structure:  with  the  necessary  reservations  due  to  the 
fact  that  the  coenosarcal  threads  of  the  four  branches  in  the  Tetra- 
graptus  polypary  are  in  Phyllograptua  disposed  near  each  other,  and 
instead  of  four  independent  periderm  walls  form  a  single,  cruciform, 
four-winged,  longitudinal  septum.  The  oblique  position  of  the  sicula 
and  of  the  proximal  end  of  the  left  theca  in  relation  to  the  median 
plane  of  the  polypary  stands  out  very  conspicuously,  as  it  lies  com- 
pletely revealed  on  the  sicula  side.  Only  the  apertural  edge  of  the 
sicula,  which  is  turned,  not  only  to  the  right  side  but  also  to  the 
anti-sicula  side,  is  visible  on  the  latter.  The  connection  between 
the  sicula  and  the  left  theca  takes  place  near  the  proximal  end  of 
the  sicula :  PL  XIV,  Fig.  9.  The  foramen  between  the  left  theca 
nnd  the  connecting  canal  baft  lV\e  ftame  i^osition  as  in  Tetragrapiut, 
From  the  right  end  of  l\ie  oowu^^vKu^  q»cv\^  >Jfta  tv^\,  >\i<^^c:9Bt%xv»efi; 


Dr.  Gerhard  Holm — On  the  Structure  of  Oraptolitea.      489 

and  immediately  above,  the  oommon  oanaU  for  both  the  right  stipes 
of  the  polypary.  Again,  from  the  left  end  of  the  oonneotiug  canal 
arises  only  the  common  canal  for  the  left  stipes. 

The  three  primordial  thecie,  representing  the  Didymograptus-Btsige 
in  PhyllograptuSf  oooiipy  a  somewhat  oblique  position  in  relation  to 
the  diagonals,  which  in  the  cross-section  of  the  polypary  are  parallel 
with  the  thecal  rows  and  describe  a  square  :   PI.  XIV,  Fig.  5. 

No  trace  of  a  virgula  has  been  observed.  The  four  wings  in  the 
longitudinal  septum  are  rarely  completely  regular,  but  the  form  of 
the  cross-section  varies  somewhat  in  longitudinal  direction  in  the 
same  specimen,  without  any  definite  rule  (PI.  XIV,  Fig.  8).  Usually 
the  wings  are  united  two  and  two  to  a  connecting  lamina  (PI.  XIV, 
Figs.  5,  11,  and  12).  The  winged  laminsd  sometimes  show  a  curved 
wrinkling.  As  an  abnormality,  there  was  observed  in  one  specimen, 
on  the  anti-sicula  side,  a  small  supernumerary  independent  theca, 
probably  arising  from  the  connecting  canal.  A  deformity  observed 
in  another  specimen,  was  the  presence  of  only  three  stipes.  The 
proximal  end  of  this  is  not  preserved,  therefore  I  cannot  determine 
how  the  deficiency  arose. 

EXPLANATION  OF  PLATE  XIII. 

DiDTMOOUAPTUB    MINUTU8,    ToiUq.   Mut. 

Fio8.  1-3. — Proximal  part  of  the  pol3rpary,  showing  the  sicula,  broken  off  near  the 
apx,  the  left  and  right  thecs,  and  the  connectiDg  canal  between  them ; 
also  the  proximal  part  of  one  other  theca  on  each  branch. — Enlarged 
38  diameters. 

Fio.  1. — Sicula  side  of  the  specimen,  the  rest  of  which  is  embedded  in  the  rock; 
the  cast  with  the  periderm  nearly  entirely  removed  in  order  to  show  the 
walls,  which  appear  as  black  lines,  between  the  sicula  on  the  one  side  and 
the  left  and  nght  thee®  on  the  other  side ;  also  the  incompleteness  of 
the  first-mentioned  wall,  by  means  of  which  the  connection  oetween  the 
sicula  and  left  theca  is  effected. 

Fio.  2. — ^Anti-sicula  side,  isolated  by  means  of  acid,  in  reflected  light,  showing  the 
roll-shaped  connecting  canal  and  the  different  shape  of  the  left  theca  on 
this  side  to  that  on  the  sicula  side,  from  which  arises  the  inequality  in  the 
'sides  of  the  interthecal  wall. 

Fia.  3. — The  same  side,  seen  in  transmitted  light,  so  that  the  walls  and  the  delicate 
growth-lines  of  the  periderm  are  visible,  showing  also  the  limits  of  the 
thecse,  by  the  intersecting  of  the  growth-lines  at  different  foci  of  the 
microscope,  and  the  connecting  canal  between  the  left  and  right  thecas. 
The  wall  of  the  canal  next  the  right  branch  is  somewhat  broken,  and 
here  in  consequence  only  the  growth-lines  of  the  sicula  are  seen. 

FiOB.  4-6. — An  unknown  Dichograptid,  very  young?  specimen,  consisting  of  only 
the  sicula  and  left  theca  and  the  connecting  canal,  one  comer  of  which 
projects  beyond  the  sicula.  On  account  of  its  small  size  and  fragile 
nature,  the  proximal  part  of  the  sicula  was  considerably  injured  before 
the  drawings  were  maae.  Slight  fractures  of  the  margins  of  the  sicula 
and  left  theca  have  been  restored  in  the  figures. — Enlarged  22  diameters. 

Fio.  4. — Sicula  side,  in  direct  light. 

Fio.  6. — Anti-sicula  side,  in  direct  light. 

Fio.  6. — Same  side,  in  transmitted  Bght,  showing  the  growth-lines.  The  half  of 
the  periderm  belonging  to  sicula  side  is  ground  off. 

DiDTMOORAPTUs  GRACILIS,  Tomq.  Mut. 

Fios.  7-8. — Proximal  part  of  a  developed  specimen. — Enlarged  10  diameters. 

Fio.  7. — Sicula  side. 

Fio.  8, — Anti'aicula  side,  showing  the  connecting  canal. 
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FiQs.  9-12. — Proximal  part  of  a  specimen  obliquely  broken  across  the  sicnla  and 
right  theca — see  Fig.  9 — by  the  fracture  of  the  rock.  The  pieces  were 
cemented  with  Canada  balsam,  and  both  parts  of  the  Tetragraptm 
specimen  subsequently  isolated. — Enlarged  6  diameters. 

Fio.  9. — The  more  complete  part,  from  the  sicula  side,  showing  the  proximal  pait 
of  the  sicula,  the  left  theca,  the  anterior  left  branch,  and  the  passage 
between  the  connecting  canal  and  the  right  theca. 

Fio.  10. — From  the  left  side,  showing  the  left  theca  seen  from  the  aperture,  the 
proximal  part  of  the  sicula,  and  the  anterior  and  posterior  left  branches. 

Fio.  11. — From  the  anti-sicula  side,  showing  the  connecting  canal  and  the  sicula 
behind,  the  left  and  right  thee®,  also  the  posterior  left  branch  and  the 
posterior  right  branch ;  in  the  latter  the  first  theca  is  complete  and  the 
remaining  ones  show  only  the  apertures. 

FiQ.  12. — From  the  proximal  end,  with  the  sicula  side  turned  downwards,  showing 
the  apertures  of  the  sicula,  left  and  right  theca},  and  the  thecse  of  the 
four  oranches. 

Fio.  13. — Proximal  part  of  another  specimen  lying  in  the  rock,  partly  in  relief, 
partly  in  impression.  From  the  anti-sicula  side.  The  connecting  canal 
and  the  wall  between  that  and  the  sicula  have,  however,  remained  in  the 
counterpart,  so  that  the  smooth  cast  of  the  sicula  appears  uncovered. 
The  left  theca  in  impression,  the  right  theca  complete  with  fractured 
surface  at  the  junction  of  the  connecting  canal. — Enlarged  6  diameters. 

Fig.  14. — Another  specimen.  Proximal  end,  also  Iving  in  the  rock,  seen  from  anti- 
sicula  side,  showing  the  connecting  canal.  All  the  branches  are  broken 
off  near  their  point  of  origin. —  Enlarged  6  diameters. 

Fig.  15. — Young  specimen  with  posterior  left  branch  complete.  Anterior  ri?ht 
branch  injured  near  the  a[)ex,  and  both  the  remaining  branches  broken 
off  near  their  point  of  origin.  Anti-sicula  side  seen  a  little  from  the  left, 
so  that  the  aperture  of  the  right  thecA  appears,  shoMring  sicula,  right 
theca,  and  connecting  canal ;  the  apertural  part  in  the  left  theca  is 
broken  off.     Isolated  bv  means  of  acid.— Enlarged  6  diameters. 

Fig.  16. — Isolated.  Much  injured  specimen,  showing  sicula,  left  and  right  thet^ap, 
and  both  anterior  branches.  Posterior  right  branch  is  missing,  and 
oulv  the  first  theca  of  the  posterior  left  branch  remains. — Enlarged 
6  diameters. 

EXPLANATION  OF  PLATE  XIV. 

PlIYLLOORAPTrS    AXGl'STIFOLIUS,    Hall. 

Fig.  1. — Sicula  side,  seen  a  little  from  the  right,  showing  the  comet-shaped  sicula, 
visible  for  the  whole  of  its  length,  with  the  apertural  margin  turned 
somewhat  to  the  right ;  to  the  left  of  this  the  left  theca,  also  with  its 
cornet-shaped  proximal  part  lying  along  the  left  side  of  the  sicula,  but 
turning  the  apertural  portion  and  aptrture  obliquely  downwards  to  the 
left.  To  the  right  of  the  sicula,  the  right  theca  directetl  obliquely 
downwards,  with  the  aperture  turned  to  the  right.  Above  this  the 
thecal  lying  in  the  plane  of  the  paper  and  diret^ted  obliquely  forward-?; 
to  the  left  the  anterior  left,  and  to  the  right  the  anterior  right,  series 
of  thectc.  Behind  the  latter  appears  the  outline  of  the  posterior  right 
series  of  theca). 

Fig.  2. — Right  side,  seen  a  little  from  the  left,  showing  the  lowest  of  the  right 
thecic  with  the  aperture  turned  forwards  towards  the  spectator,  and  above 
it,  to  the  left,  the  anterior,  to  the  right  the  postenor,  right  series  of 
theca}.  On  the  left  side,  bi^hind  the  former,  the  apices  of  the  anterior 
left  series  of  thecie  appear,  and  behind  the  right  theca  the  apex  of  the 
aperture  of  the  sicula. 

Fig.  3. — Anti-sicula  side,  seen  somewhat  from  the  right,  showing  the  apeHure  of 
the  sicula  directed  obliquely  forwards  to  the  left ;  to  the  left  of  this  the 
right  theca  in  profile,  and  to  the  right  the  left  theca.  Above  this,  to 
the  left,  the  poslerioi  \\^\it,  «t\Ml  t«  the  right  the  posterior  left,  series  ot 
thecsD.  On  the  li^iYil  eiSe  -we  ^^t.  «^  ^xa^^a  Xi^oim  ol  >isift  ^'«9J;JlixLes  of  the 
anterior  left  thecal  «eiie&. 
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».  4. — The  left  side,  seen  a  little  from  the  left.  The  aperture  of  the  lowest  of 
the  left  thecse  turned  towards  the  spectator ;  above,  to  the  right,  the 
anterior,  to  the  left  the  posterior,  left  thecal  series.  On  the  loft  side  one 
gets  a  glimpse  behind  the  left  theca  of  the  apertural  part  of  the  sicula, 
and  behind  the  posterior  left  thecal  series  of  the  apices  of  the  posterior 
right  thecal  senes. 

>.  5. — From  the  proximal  end,  with  the  sicula  side  turned  upwards,  showing  in 
the  middle  the  aperture  and  the  oblique  position  of  the  sicula,  and  on 
each  side  of  this  tne  apertures  of  the  left  ana  right  thecse.  The  apertures 
of  these  three  thecse  occupy  almost  one  and  the  same  plane,  whicn  forms 
an  angle  of  about  40^  with  the  cruciform  plane  of  the  thecal  series.  In 
this  figure  all  the  thecse  visible  in  the  specimen  in  this  position  are 
drawn. — Enlarged  6  diameters. 

I.  6. — Specimen  with  the  anti-sicula  side  perfect,  seen  straight  from  this  side, 
so  that  only  the  two  posterior  thecal  series  are  visible.  The  sicula  and 
the  left  and  right  thecse  appear  in  the  same  position  as  in  Fig.  3. 
Isolated  with  acid. — ^Enlarged  4  diameters. 

\.  7. — The  interior  of  another  incomplete  specimen,  ground  down  directly  to  the 
level  of  two  thecal  series  lying  in  the  same  plane,  and  afterwards  isolated 
with  acid.  It  shows  the  smooth  interthecal  walls  and  their  straight 
terminations  against  the  common  canal,  and  also  the  longitudinal  septa. 
Both  the  laminse  of  the  lon^tudinal  septum,  which  bounds  the  common 
canal  for  the  downtumed  thecal  series,  which  are  here  not  visible,  are 
complete,  whilst  of  the  two  others  only  a  fragment  remains. — Enlarged 
6  diameters. 

^  8. — Impression  of  the  outer  side  of  two  thecal  rows  lying  in  the  same  plane  (to 
the  left  the  anterior  right,  to  the  right  the  posterior  left).  Between 
these  projects  the  common  canal  formed  by  the  longitudinal  septa  for 
the  thecal  series,  which  are  bent  downwards  and  concealed  in  the  rock 
matrix.  The  longitudinal  septa  appear  here,  as  is  often  the  case,  to  be 
somewhat  irregular,  and  of  a  different  shape  in  the  longitudinal 
direction.  Transverse  sections  of  the  longitudinal  septa,  therefore,  do  not 
maintain  the  same  form  throughout  the  whole  length  of  the  polypar^. 
At  the  proximal  end,  one  side  of  the  sicula  embedded  in  the  polypary  is 
free,  and  its  oblique  position  in  relation  to  the  long  axis  of  the  polypary 
is  shown.  To  the  right  of  the  sicula  the  longitudinal  septum  of  the 
anti-sicula  side  is  perforated  by  the  connecting  canal.— Enlarged  4 
diameters. 

».  9. — Specimen  almost  completely  embedded  in  the  rock,  only  a  small  part  of  the 
proximal  end  of  the  sicula  side  being  free,  showing  the  conical  proximal 
part  of  the  sicula  and  left  theca,  the  greatest  part  freed  from  periderm,  so 
that  the  partition  wall,  as  well  as  the  connection  between  the  two  near  the 
apex,  stands  out. — Enlarged  6  diameters. 

».  10. — A  part  of  a  specimen  lying  in  the  rock  in  the  same  position  as  the  specimen 
Fig.  8,  showing  the  impression  of  the  proximal  part  of  the  anterior  ri^ht 
thecal  series,  and  the  proximal  part  of  the  posterior  left  series  in  rehef . 
The  substance  infilling  the  sicula  has  fallen  away,  except  near  the  apex. 
To  the  right  of  the  sicula  a  trace  of  the  conical  elevatea  part  of  the  left 
theca,  merging  into  the  sicula  near  the  apex. — Enlarged  6  diameters. 

>8.  11,  12. — Transverse  section  of  two  different  specimens,  isolated  with  acid, 
showing  the  commonest  forms  of  the  longitudinal  septa,  the  common 
canal  for  each  thecal  series,  and  the  straight  inner  edge  of  the  interthecal 
walls. — Enlarged  6  diameters. 

Tbtraobaptus  Biosbti,  Hall. 

»8.  13-16. — A  quite  uninjured  young  specimen,  representing  the  DidymograptuS' 
stage,  showing  only  the  sicula,  left  and  right  thecee,  and  the  connecting 
canal  between  them,  and  at  both  ends  of  this  its  passage  into  the 
common  canal,  which  at  this  stage  has  the  appearance  of,  and  may  have 
functioned  as,  the  distal  theca.  As  in  nearly  all  my  specimens  of  Tetra^ 
araptu9f  the  apex  of  ..the  sicula  and  left  theca  \&  'ao\s\ft^Vvtt.l  ^VikXvi^VV^. 
Isolated  with  acid. — Oland,  the  cliffs  aout\i  oi  ^yrMcC^  ^«aSiiavi,\s^^'8^ 
gUucoDitic  grey  Vaginatenkalk.    Enlarged  Vi  diamft\jB». 
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Fxo.  13. — From  BicnU  side. 

Fio.  14. — From  rigrht  side.  Tbe  distal  wall  of  the  rig'lit  theca,  not  complHdj 
dereloped,  forms  only  a  narrow  band.  Behind  the  apertmral  mai]^  A 
the  right  theca  appears  the  projection  of  the  sicnla.  I&  the  interior 
of  the  right  theca  and  connecting  canal  the  sicnla  appears  to  the  left. 
To  the  right,  on  the  contrary,  the  canal  is  quite  open. 

Fxo.  16. — From  anti-sicnla  side. 

Fio.  16. — From  left  side.  The  sicnla  appears  here  in  the  interior  to  the  right,  the 
open  connecting  canal  to  the  left.  In  the  right  aperture  of  the  same 
one  gets  a  glimpse  of  the  undereloped  distal  wul  of  the  right  theca. 


U. — Notes  om  thb  Diamomd-bbarino  Rock  of  Eimberlbt,  Softh  . 
Africa.      (I)   By  Sir  J.  R  Stone,    M.P.,    F.GS.      (II)  By 
Prof.  T.  G.  BoNNEY,  D.Sa»  LL.D.,  F.R.S.,  and  Miss  C.  A. 
Baisin,  B.So. 

[At  the  end  of  labt  yesr,  while  on  a  visit  to  Sir  J.  B.  Stone,  I  hsd 
the  opportunity  of  seeing  a  very  interesting  series  of  specimens  from 
the  Eimberley  mines,  which  he  had  obtained  dnring  a  recent  toor 
in  South  Africa.  Among  these  were  two  large  lumps  of  the  breccia 
in  which  the  diamond  occurs.  As  these  were  in  a  much  better  con- 
dition for  microscopic  examination  than  any  which  I  had  ever  seen, 
I  asked  him  to  let  me  study  one  of  them.  This  request  he  kindly 
granted,  and  sent  me  samples  of  all  that  he  had  collected.  As  not 
very  much  has  been  written  on  the  subject,  at  any  rate  in  the 
English  language,^  the  results  of  the  investigation  and  the  con- 
clusions to  which  it  has  led  may  be  worth  publishing.  At  my 
request,  Sir  J.  B.  Stone  has  contributed,  notwithstanding  his  many 
duties,  a  prefatory  note  on  the  mines  and  on  the  opinion  which  he 
formed  during  his  visit. — T.  G.  B.] 

(I)  The  Kimberlbt  Diamond  Mines,  South  Africa. 

By  Sir  J.  B.  Stonb,  M.P.,  F.G.S. 

IT  may  be  fairly  asserted  that  increased  geological  interest  attaches 
to  the  deeper  workings  of  the  Kimberley  Diamond  Mines  as 
they  proceed.  The  remarkable  development  of  underground  mining, 
following  upon  the  amalgamation  of  interests,  which  was  the  out- 
come of  the  collapse  of  the  surface  workings  in  1886,  or  thereabout, 
has  offered  better  opportunities  for  observation,  not  only  of  the 
diamond  matrix-material  but  also  of  the  varying  characteristics  of 
the  neighbouring  rock  formations. 

The  interest  created  among  scientists,  upon  the  first  announce- 
ment being  made  that  the  now  famous  diamond-bearing  **  Blue 
Clay  "  filled  up  presumed  necks  of  volcanic  craters,  lias  not  faded 
away,  nor  has  the  interest  in  the  subject  at  all  lessened.  There  is, 
if  anything,  an  increased  desire  to  find  out  the  secret  workings  of 
Nature's  laboratory,  and  to  learn  how  the  diamonds  were  formed, 

*  Reasons,  in  themselves  toit  sad,  have  hitherto  preTented  the  publication  of  the 
elaborate  investigations  of  the  late  Prof.  Carvill  Lewis,  to  which  relerenoe  has  been 
made  below.  By  a  curious  coincidence,  his  manuscripts  and  all  the  materials  which 
he  had  used  were  entrusted  to  me  by  Mrs.  Carvill  Lewis,  just  as  I  had  completed  my 
share  of  the  above  paper.  It  is  my  intention  to  lose  no  time  in  preparing  fur 
publication  the  work  of  my  lamented  friend. — T.  G.  B. 
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how  tbej  came  into  position,  and  what  is  the  preoise  nature  of  the 
material  in  which  they  are  imbedded. 

Whilst  speculative  theories  have  been  propounded,  which  have 
added  interest  to  what  was  already  a  romantic  story,  observations 
have  been  made  at  the  same  time,  which  are  of  more  exact  scientific 
value  and  have  contributed  to  a  larger  knowledge  of  the  subject 
Among  the  facta  which  have  been  disclosed  are  the  following : 
the  variation  of  the  character  in  the  diamonds  found  in  the  different 
mines  and  localities ;  the  varying  amount  and  value  of  the  *'  stones  '* 
from  the  respective  mines,  and  even  from  the  several  parts  of  the 
same  one ;  and  the  variable  nature  of  the  '*  Blue  Ground  "  material. 

The  diamonds  not  only  occur  in  all  shades  of  colour,  from  deep 
yellow  to  blue-white,  from  deep  hrown  to  light  brown,  in  green, 
blue,  pink,  orange,  pure  white,  and  at  times  even  opaque,  but  also 
they  vary  in  shape,  brilliancy,  and  size;  nevertheless  so  generally 
uniform  are  the  particular  characteristics  of  those  of  any  mine,  that 
experts,  it  is  said,  can  unmistakably  distinguish  the  products  of  the 
several  workings. 

As  an  illustration,  the  "  stones  "  from  the  Jagersfontein  Mine  ar6 
worth  thirty  or  forty  per  cent  mbre  than  those  from  the  De  Beers 
Mine,  owing  to  their  purity  of  colour  and  brilliancy,  though  the  yield 
of  the  latter  is  evenly  about  tenfold  that  of  Jagersfontein.  Nor  is 
this  feature  of  variation  distinguished  only  in  the  **  stones,"  for  the 
Blue  Clay'  also  varies  in  its  character,  it  being  distinctly  different 
in  texture  in  the  several  workings;  thus,  in  the  De  Beers  Mine  it  is 
so  much  harder  than  in  the  Kimberley  Mine,  as  to  take  quite  twice 
the  length  of  time  to  reduce  it  in  the  process  of  disintegration,  or,  to 
use  a  local  word,  to  *' pulverize '*  it,  an  operation  to  which  all  the 
material  is  subjected.  The  yield,  too,  of  diamond  wealth  is  irregular 
and  singularly  erratic :  the  west  ends  of  both  the  Kimberley  and 
De  Beers  Mines  do  not  pay  to  work,  whilst  the  north,  south-east, 
and  centres  are  exceedingly  rich,  a  condition  which  is  even  more 
apparent  where  the  **  Blue  **  lies  in  close  proximity  to  volcanic  rock. 

The  disintegration  of  the  ''  Blue  '*  is  an  interesting  process,  and 
throws  some  light  upon  the  character  of  the  material  itself.  In  past 
times  the  same  formation,  exposed  at  the  surface  to  the  action  of  the 
atmosphere,  became  oxidized  and  softened,  and  was  always  known 
as  Blue  Clay,  and  to-day  similar  weathering  action  is  relied  upon 
to  soften  the  material  which  comes  from  the  deep  workings  in  the 
shape  of  hard  rock.  There  are  thousands  of  men  busily  labouring  in 
the  labyrinth  of  galleries  below,  at  varying  depths  up  to  1200  feet, 
and  loads  of  rock  are  rapidly  sent  to  the  surface,  quickly  filling  long 
trains  of  ballast  trucks,  which  are  run  to  the  adjacent  plains  where 
the  wagons  are  tilted  and  the  precious  material  is  scattered  over  the 
ground  to  undergo  the  process  of  weathering ;  this  in  the  main  being 
all  that  is  needed  to  disintegrate  it,  that  is  if  sufficient  time  is  allowed. 
Violent  mechanical   means  of  crushing   or   breaking  up  the  Blue 

*  This,  by  the  way,  is  not  clay  at  all  when  first  dislodged  in  the  nnderj^ound 
workings,  but  hard  rock,  which  has  had  to  be  "won'*  by  means  of  drilling  and 
blasting,  such  as  is  customary  in  rock-mining  operations. 
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Ground  are  necessarily  aToided,  as  it  might  damage  the  imhedded 
diamonds.  Therefore  weathering  action  alone  is  relied  upon,  snhject 
to  the  mass  being  turned  over  occasionally  by  "harrowing"  it 

llie  *' depositing  floors"  cover  vast  areas  extending  to  many 
square  miles  of  country,  which  are  carefully  protected  by  fences, 
and  the  whole  vigilantly  guarded.  The  reducing  process  takes,  not 
merely  days  or  months,  but  years  to  bring  the  material  into  a  con- 
dition ready  for  the  work  of  washing  and  sorting.  At  the  present 
time  there  is  a  valuable  reserve,  the  worth  of  which  roust  arooant 
to  many  years'  income ;  in  other  words,  there  are  many  millions  of 
pounds  worth  of  diamonds  stored  in  these  disintegrating  areas.^ 

It  is  not  to  the  purpose  here  to  refer  particularly  to  the  process  of 
washing  and  sorting,  or  to  the  thousand  and  one  interesting  details 
tlwi  form  part  of  the  story  of  the  gigantic  and  rich  enterprises  of 
Kimberley,  among  which  the  energy  of  the  De  Beers  Company  takes 
•nch  a  conspicuously  leading  part,  but  it  is  more  pertinent  to  follow 
the  material  itself  through  the  series  of  operations  which  lead  to 
the  final  results,  and  to  glean  useful  geological  facts  respecting  its 
composition  and  the  history  of  the  diamonds. 

The  first  process  of  washing  cafries  away  all  the  finer  particles 
of  mud.  permits  the  picking  out  of  larger  **  stones,"  of  easily 
recognized  volcanic  rock,  or  of  similar  substances,  and  leaves 
a  mass  of  granular  material  from  the  size  of  a  pin's  head  to  that  of 
a  small  apple,  the  several  substances  amongst  it  being  well  and 
distinctly  separated.  This  is  now  turned  over  to  the  sorters,  who 
proceed  to  riddle  it  into  classified  heaps.  Those  consisting  of  the 
greater  particles,  amongst  which  the  larger  and  more  valuable  stones 
may  be  expected  to  be  found,  are  placed  in  the  hands  of  confidential 
and  responsible  Europeans ;  the  finest,  from  which  the  most  minute 
diamonds  are  extracted,  being  examined  by  Kaffirs  (all  of  whom 
are  carefully  watched),  who  go  over  the  fine  refuse  almost  grain 
by  grain. 

These  granular  masses  in  process  of  sorting  are  highly  interesting. 
They  are  rich  in  garnets,  in  olivine,  in  pyrites,  and  many  other 
minerals ;  and  they  disclose  the  detailed  composition  of  the  breccia 
of  the  "  Blue  Clay." 

Among  this  composite  material  the  diamonds  are  found  in  the 
proportion  of  about  1  to  1|  carats  to  the  ton,  and  in  size,  from  the 
smallest  grain  to  "  stones  "  of  the  greatest  value.' 

A  parcel  of  diamonds  in  the  rough  (such  as,  for  instance,  the 
day's  product  of  one  of  the  mines)  is  an  extremely  interesting 
subject  of  investigation  and  study.  Such  a  bowl  full  of  stones, 
amounting  to  thousands  of  pounds  in  value,  fresh  from  the 
cleaning  process  of  having  been  boiled  in  acids,  present  in  their 
uncut  and  unassorted  condition  a  general  resemblance  to  a  handful 

*  A  better  idea  of  the  riches  of  the  mines  will  be  pleancd  from  the  brief  statement 

which  has  just  publicly  appeared  (July,  1895),  that  the  De  Ik^ers  Compauy  have 

Bold  the  output  for  the  year  for  the  sum  of  three  million  and  a  half  pounds  sterHnj:. 

'  One  in  the  possession  ot  VVic  l><i  ^t«^  ^vi\vi\j\jiws  '^^ix'^'^  vw  the  roujjh  state  a." 

much  as  428  curats. 
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of  saltpetre  crystals.  A  more  minute  and  careful  examination 
discloses  the  interesting  fact  that  many,  if  not  most  of  the  stones, 
are  fractured,  and  are  but  parts  of  perfect  crystals.  This  indicates 
that  tliey  have  been  subjected  to  mechanical  forces,  explosive  or 
otherwise,  and  of  itself  seems  to  prove  that  the  diamonds  were  not 
formed  at  the  spot  where  they  were  found. 

It  should  be  stated  that  above  the  diamond -bearing  rocks  there 
are  extensive  beds  of  carbonaceous  shales,  and  it  has  been  supposed 
that  chemical  action,  due  to  steam  generated  in  the  volcanic  rock, 
formed  the  diamonds.^  Of  course  due  weight  must  be  given  to 
the  facts  adduced  by  those  who  favour  the  idea  that  the  diamonds 
were  actually  formed  at  or  near  the  spot  where  they  were  found, 
particularly  the  one  singular  fact  of  the  prevailing  similarity  of 
stones  in  localities,  which  it  is  admitted  remains  at  present  unex- 
plained ;  but  even  if  the  broken  diamonds  were  not  sufficient 
evidence,  certainly  the  schistose  surfaces  of  the  *' snake"  (a  hard 
intrusive  porphyritic  rock),  and  the  glossy  appearance  of  the  crater 
face  lying  in  contact  with  the  Blue  Ground,  should  be  perfectly 
convincing. 

No  doubt  some  such  chemical  action  as  indicated  did  take  place 
and  produced  the  diamonds,  but  it  is  more  than  probable  that 
this  occurred  far.  away  from  their  present  resting-place,  the  exuding 
mud-flow  having  been  propelled  forward  by  earth  pressure,  or  some 
other  dynamical  force,  and  that  the  diamonds  were  fractured  by 
extreme  pressure  in  transit. 

Iq  conclusion,  it  is  interesting  to  have  to  report  that  the  De  Beers 
(Company  are  energetically  continuing  the  work  of  sinking  in  the 
main  shaft,  which,  it  may  be  well  to  state*  is  through  the  adjacent 
hard  rock  and  within  a  short  distance  of  the  crater  funnel  of  the 
mine  proper.  This,  to  get  to  the  1200-feet  level,  has  passed 
through  the  upper  beds  of  basalt  and  black  shale,  through  the 
hard  amygdaloidal  melaphyre  deposit,  through  some  400  feet  of 
quartzite,  and  into  the  lower  shale  beds.' 

^  It  may  be  well  here  to  quote  a  passage  from  a  letter  on  this  subject  received 
from  Mr.  W.  Moses,  the  able  director  of  the  De  Beers  Mines,  who  ventures  upon 
a  more  elaborate  explanation.  He  sap:  "  I  am  inclined  to  stick  to  my  theory  of 
the  formation  of  diamonds  and  the  depositing  of  them  in  the  present  formation  of 
Blue  Ground  or  volcanic  mud.  To  put  it  as  short  as  possible,  the  diamonds  were 
produced  from  carbonic  acid  ^as  imder  extreme  pressure  and  change  of  temperature, 
the  oxygen  being  consumed  oy  the  carbon,  etc.,  the  result  being  the  diamond.  To 
revert  to  the  present  deposits :  they  were  made  in  the  crater  of  an  extinct  volcano, 
into  which  came  thermal  springs,  which  washed  away  the  sides  of  the  soft  strata  below 
(the  volcanic  rocks  forming  the  volcanic  mud  of  the  Blue  Ground),  and  the  diamonds 
were  introduced  from  below  by  the  action  of  the  boiling  energy  of  the  thermal 
springs.  The  blue  ground  or  mud,  if  you  remember,  we  concluded  had  not  gone 
under  any  ereat  heat,  as  the  small  particles  of  shale  clearly  indicated;  in  short, 
the  diamond  were  separately  formed,  and  were  brought  into  their  present  position 
from  below."  It  has  also  been  supposed,  and  with  some  show  of  probability,  that 
with  the  opportune  presence  of  carbon,  under  conditions  of  intense  heat  and 
perchance  pressure,  cr)'stallization  took  place,  the  colours  of  the  stones  varying  as 
they  were  affected  by  the  presence  of  metals  or  oxides  of  metals. 

'  A  letter  recently  received  from  Mr.  W.  Moses  stales  WiftX.  *"*  \Xvft  ^V£J«Iyr%  <5\  «v«. 
Buun  shaft  still  continues  in  the  blue  metamorp\iic  B\ia\e,  wi'^  uq  O^'Wi^'i  \!k5i&  >^viv. 
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(II)  On  the  Rock  and  othkr  Spkgimbns  fbom  the   Ehibeslet 

Mines. 

By  Prof.  T.  G.  Bonney,  D.Sc.,  LL.D.,  F.R.S.,  and  Miai  C.  A.  Raisdi,  B.S«. 

fllHE  nndeoomposed  rock  is  obvioaslj  a  fairly  hard  breoda, 
A.  exhibiting  a  rather  irregular  fracture  and  consisting  of  minertlt 
and  rock  fragments  in  a  blackish-green,  slightly  granulated  "  paste." 
Some  of  the  minerals,  probably  fragments,  can  be  readily  identi6ed, 
e,g.,  olivine,  green  pyroxene,  brown  mica,  and  garnets.  The  frag- 
ments of  rock  are  of  various  sizes  up  to  about  two  inches  diameter. 
They  are  generally  rather  compact  in  texture,  greenish-grey  in  colour, 
sometimes  exhibiting  a  zonal  structure  near  the  edg^s.  The  specific 
gravity,  determined  by  a  Walker's  balance,  of  a  specimen  of  the 
breccia  measuring  about  2^"  x  2"  x  ^"  is  2*61 ;  of  a  piece  about 
one-fourth  that  volume,  2*66.^ 

Under  the  miorosoope  the  rock  is  seen  to  consist  of  fragments 
large  and  small,  becoming  at  last  a  mere  powder,  which  are  set  in 
a  serpentinous  mineral  and  a  carbonate,  these  acting  as  the  cementing 
paste,  but  the  latter  mineral  l)eing  more  sporadic  in  ooourrenoe. 
Commencing  with  the  larger  minerals^  in  the  specimen  before  ur, 
(1)  Olivine  is  the  most  abundant.  Its  cleavage  in  some  cases  is 
a  little  more  marked  than  usual.  It  occurs  generally  in  rounded 
grains,  partially  ringed  by  serpentine,  indeed  sometimes  completely 
converted  into  this  mineral.  The  alteration  usually  is  as  follows : — 
Eonnd  each  grain  is  a  zone  of  fibrous  serpentine,  exhibiting  a  rather 
parallel  ordering,  which  acts  feebly  on  polarized  light.  A  zone 
follows  where  the  fibres  are  arranged  in  cones,  the  apices  of  which 
seem  to  pierce  the  olivine,  as  if  the  cone  structure  had  gradually 
extended  inwards  and  had  aftected  indirectly  that  of  the  whole 
layer.  .  Here,  however,  the  axes  of  the  cones  are  more  or  less 
parallel.  This  parallelism  seems  to  depend  on  some  structure  in 
the  olivine  itself — most  probably  a  cleavage — and  not  on  the  form 
of  the  grain.  In  some  cases  the  fibrous  mineral  seems,  from  the 
extinction  angle,  to  be  actinolite  or  tremolite.' 

(2)  Sahlite,  or  lightish-green  angite,  occurs  in  grains  often  somewhat 
oblong,  commonly  with  an  alteration  zone  at  the  exterior,  consisting 
of  a  fibrous  mineral,  which  has  the  extinction  of  actinolite.  The 
olivine  and  the  sahlite  often  present  considerable  resemblances  in 
their  general  microscopic  aspect,  and  the  same  holds  true  of  their 
alteration  products. 

tnk(;n  place  in  tlie  apj>parance  of  the  strata.  We  have  now  passed  through  some 
200  feet  of  this  foniiati(»u,  and  I  am  in  hopes  of  getting  a  change  which  will  be 
very  interesting.'*  Mr.  Moses  also  promises  to  send  a  further  box  of  samples 
when  this  takt's  place,  which  it  is  needless  to  say  will  be  of  additional  interest 
under  the  circumstances. 

>  These  specimens  w(Te  given  to  one  of  the  authors  by  C.  J.  Alford,  Esq.,  F.G.S. 
That  bnmght  by  Sir  J.  B.  St(me  was  inconveniently  large  for  weighing. 

2  A  numlxT  of  analyses  of  minerals  are  given  in  the  paper  by  Prof.  Mas^kehiie 
and  Dr.  Flight,  Quart.  Journ.  Geol.  Soc,  vol.  xxx,  1874,  pp. '408-416.  In  our 
specimens,  bronzite,  which  appears  to  be  common  in  their  material,  seems  to  be  rare, 
if  not  absent. 

'  As  was  also  observed  by  Prof.  Carvill  Lewis. 
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(3)  Mica.  The  flakes  are  somewhat  irregular  in  outline,  of 
a  pale  but  rather  warm  brown  colour,  well  oleaved.  The 
pleocbroism  is  from  light  dull  buff  to  an  ochre-brown.  Cases  of 
twinning  ooour;  one  of  the  twins  sometimes  greatly  dominating 
over  the  other.  The  mica  at  its  exterior  is  changed  into  a  mass 
of  a  minnte,  very  pale  green  mineral,  which  sometimes  extends  up 
cleavage  cracks.  This  apparently  is  the  material  designated  vaalite 
by  Professor  Maskelyne. 

(4)  Gkimet:  (rare  in  this  specimen)  wine-red  in  colour.  In  one 
case  this  mineral  is  surrounded  by  a  zone  about  '00&*  thick  (except 
on  one  side,  where  it  becomes  a  mere  film).  This  zone  exhibits 
a  radial  fibrous  crystallization  and  a  banded  structure.  It  varies 
in  colour  from  a  rather  light  to  a  very  dark  umber-brown,  and  tlie 
constituents  seem  to  have  a  straight  extinction.  Beyond  this,  in 
three  directions,  is  a  much  broader  border,  variable  in  thickness, 
barely  translucent,  and  a  deep  umber-brown  in  colour ;  but  perhaps 
only  a  more  felted  mass  of  the  mineral  already  mentioned.  The 
more  diaphanous  part  does  not  appear  to  be  sensibly  diohroic,  and 
can  hardly  be  biotite  or  an  altered  mica.  It  might,  however,  be 
a  mixture  of  iron  oxide  with  fibrous  quartz,  as  in  the  so-called 
crooidolite.  In  another  slice  biotite  does  occur  as  a  decomposition 
product  of  a  garnet,  but  here  the  former  mineral  eats  into  the  latter 
in  a  somewhat  irregular  manner. 

(5)  Ghromite.  Feebly  translucent  brown  grains,  occasionally 
octahedral  in  form,  are  doubtless  chromite,  but  other  iron  oxides  are 
present  in  the  slide. 

(6)  Pseudobrookite  (?).  Other  brown  grains,  occurring  in  a  rudely 
sqoare  form  or  as  an  association  of  grannies,  are  anisotropic,  and 
sometimes  exhibit,  with  crossed  nicols,  specks  of  rather  bright  colour, 
indicative,  probably,  of  aggregate  structure.  Small  crystals,  however, 
of  a  mineral  to  be  mentioned  below  (perofakite)  are  sometimes 
clustered  about  these  grains  and  may  mask  the  colour  effects.  We 
refer  these  brown  grains  to  pseudobrookite,  though  the  tint  is  less 
rich  than  usual.     This,  however,  may  be  due  to  decomposition. 

(7)  Rutile.  A  few  small  crystals  occur,  among  them  a  geniculate 
twin,  and  in  serpentine,  as  observed  by  Prof.  Carvill  Lewis.  We 
doubt,  however,  whether  it  is  an  alteration  product. 

(8)  Perofskite.  The  grains,  nsually  from  -0002"  to  -0008",  are 
sometimes  hexagonal  in  outline,  often  showing  a  central  spot  and 
radial  lines,  a  very  faint  yellowish  tinge  with  transmitted  light, 
and  a  whitish  or  yellowish-grey  with  reflected.  These  grains  have 
a  habit  of  clustering,  and  they  sometimes  wreathe  around  fragments 
of  crystals  and  rocks. 

Leaving  for  a  moment  the  rock  fragments,  we  proceed  with  the 
matrix,  to  which,  indeed,  the  last-named  mineral  might  be  referred. 
Its  hardness  is  barely  3,  though  among  its  microscopic  constituents 
is  one  which  scratches  glass.  When  powdered,  it  effervesces  briskly 
virith  HCl.  Apparently  it  is  composed  of  the  following  constituents : 
(a)  a  clear  colourless  isotropic  serpentine  ;  (6)  brown  mica,  in  small 
films,  sometimes  irregular  in  outline,  having  a  general  resemblauue 

DBCABB   IV. — VOL.    II  — NO.    XI.  ^1 


498    Trof,  Bonney  and  Miss  Raudn — Rocks  from  Kimherley, 

to  that  described  above,  but  almost  certainly  of  secondary  ori^n. 
With  mica,  perhaps,  may  be  included  some  rather  regular  hexagonal 
thin  plates,  of  an  apparently  colourless  mineral,  which  seem  to 
project  into  interspafjes ;  (e)  chlorite  (?) ;  {d)  needles,  often  radiallj 
tufted,  clear  and  colourless,  with  low  polarization  tints  and  probably 
straight  extinction ;  (e)  a  carbonate,  seemingly  varying  from  calcite 
to  dolomite,  filling  up  interspaces ;  and  probably  (/)  a  little  opaL 

As  to  the  rock  fragments,  our  specimen  of  the  breccia  has  not 
afforded  either  granite  or  pegmatite,  rocks  which  were  detected  by 
Prof.  Daubree.  Those  present,  as  described  above,  have  a  hardness 
generally  a  little  less  than  4,  but  one  large  fragment,  paler  in 
colour  than  most  of  them,  is  about  2*5.  Under  the  microscope  the 
outermost  zone  is  usually  thin,  sometimes  consisting  rather  largely 
of  an  aggregate  of  minute  chlorite,  followed  by  a  second  and  breeder 
zone  containing  films  of  brown  mica^  with  ill-defined  outlines ;  the 
third  zone  is  often  rich  in  minute  perofskite.  In  other  oases  the  ex- 
ternal zone  is  richer  in  perofskite,  and  within  this  comes  a  greeniBh 
zone,  which  may  be  followed  by  another  perofskite  band,  sometimes 
broad.  Hie  inner  part  of  the  fragments  is  rather  '* patchy"  in 
structure,  consisting,  in  some  cases,  very  largely  of  a  clear  colourleM 
isotropic  material  (?  a  hydrous  glass).  In  this,  scattered  in  rather 
varying  quantities,  are  (a)  clusters  of  perofskite ;  (fc)  films  of  brown 
mica  (biotite)  as  above,  in  one  or  two  cases  sprouting  inwards  fiwii 
the  inner  zone ;  (c)  minute  acicular  itrisms,  giving  low  polarization 
tints  and  straight  extinction,  often  forming  tufted  or  radiating  grou}»8 
(occasionally  almost  spherulitio),  which  in  a  few  cases  seemingly 
are  growing  from  the  ends  of  the  brown  mica;  (d)  rude  attempts  at 
skeleton  crystals,  probably  magnetite ;  (e)  a  carbonate  (as  in  the 
matrix). 

Three  fragments  differ  somewhat  from  the  rest.  One  includes 
serpentinized  olivine  surrounded  by  a  material,  which  exhibits  a 
structure  suggestive  of  a  flowing.  Another  consists  of  grains  and 
granules  of  serpentinized  olivine,  with  thin  flakes  of  brown  niica 
and  pseudobrookite  or  cliromite.  The  third  with  transmitted  light 
l(»ok8  almost  pellucid,  but  with  crossed  nicols  exhibits  an  aggregate 
structure,  such  as  may  be  seen  in  a  serpentine,  though  on  a  very 
minute  scale,  the  constituents  being  grouped  in  lighter  and  darker 
j)arts,  as  may  be  sometimes  observed  in  a  scoriaceous  rook.  One 
corner,  however,  exhibits  a  spherulitio  structure,  which  also  makes 
its  appearance  here  and  there  in  other,  commonly  the  outer,  parts  of 
the  fragment. 

The  general  aspect  of  these  fragments  (except  for  the  zones) 
recalls  certain  varieties  of  much  decomposed  serpentine,  and  to  this 
rock,  though  we  have  never  seen  any  quite  identical,  we  venture  to 
refer  it,  believing  that  it  is  the  result  of  the  alteration  of  eithK 
a  glassy  or  a  very  minutely  crystalline  peridotite.  The  zonal 
banding  may  be  original,  as  it  recalls  that  exhibited  by  fragments 
in  some  diabase  tuffs  from  Porthdinlleyn,^  where  it  is  an  original 

*  The  biotite  is  variable  in  amount,  and  occasionally  is  wantinjr. 
'  Cf.     0.    A.   Rai»in   on  Variolite  ....  of  the  Llevu:   Quart.   Joum.  Gi'ol. 
xlix,  1803,  p.  151. 
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•traoture,  such  as  is  common  in  slaggy  ejeotamenta.  Still,  like  the 
bands  produced  in  some  stained  rooks,  it  might  be  a  result  of  iu^ 
filtration ;  but  though  the  latter  maj  be  a  modifying  cause,  we 
incline  to  adopting  the  former  explanation. 

The  "  blue  clay  "  or  *'  blue  ground,"  the  material  obtained  in  the 
earlier  and  shallower  workings,  is  clearly  only  a  decomposed  con- 
dition of  the  rock  already  described,^  the  cementing  carbonate  having 
been  more  or  less  removed  ';  and  the  '*  yellow  ground  "  represents 
a  further  stage  in  the  decomposition.  We  have  compared  the  fine-i 
grained  part  of  the  '*  blue  ground "  with  some  crushed  and 
decomposed  serpentine  from  the  Lizard,  and  find  a  strong  likeness 
between  the  dominant  material  in  both,  so  that  very  probably  the 
dnst-like  fragments  of  serpentine  (altered  peridotite)  enter  largely 
into  the  oomposition  of  the  diamantiferous  rock.  The  more  durable 
minerals  are  separated  from  it  by  washing.  Two  packages,  given 
some  time  ago  to  one  of  us  by  Prof.  Boyd  Dawkins,  are  divided 
into  ooarser  and  finer  washings :  the  former  often  run  from  about 
one-  to  nearly  three-eighths  of  an  inch,  the  latter  do  not  generally 
exceed  one-tenth  of  an  inch  in  diameter.  The  materials  appear  to 
be  similar,  though  the  relative  quantities  may  differ  in  the  two,  and 
among  the  coarser  some  rock  fragments  (in  one  case  a  fine-grained 
peridotite,  in  another  apparently  a  sedimentary  rock)  are  present. 
Among  the  minerals  in  these  samples,  and  in  those  brought  by  Sir 
J.  B.  Stone,  which  are  roughly  sorted  but  are  of  larger  size,  we  find 
the  following : — 

(a)  Garnets  ;  more  than  one  variety  being  present  The  majority 
are  from  a  wine-red  to  a  purple-lake  in  colour  (almandine) ; 
a  few  are  orange-red  to  reddish  resin-brown,  when  magnified, 
(?  essonite).  They  appear  to  be  always  f ragmen tal ;  this  is  very 
obvious  in  the  case  of  the  clear- coloured  specimens,  and  even  those 
which  are  more  rounded  suggest  a  fragmental  origin.  Many  of 
the  latter  seem  to  be  only  dull-coloured  greenish  grains,  but  on 
breaking  them  they  are  found  to  consist  of  a  kernel  of  red  garnet, 
surrounded  by  an  aggregated  doubly-refracting  substance.  This 
may  be  merely  some  incrusting  mineral,  but  it  suggests  the 
possibility  of  a  decomposition  zone.  Some  have  on  the  exterior 
brown  mica,  perhaps  also  a  chlorite,  with  another  mineral  too  minute 
for  identification,  and  if  we  may  found  an  inference  on  the  ease  with 
which  the  grains  break,  the  same  material  probably  occupies 
fissures. 

(h)  The  fragments  of  sahlite  are  often  determined  by  cleavage 
planes.  The  colour  is  commonly  a  fairly  rich  celandine  or  oil  green, 
but  two  or  three  of  the  well-rolled  small  grains  are  a  very  rich 
emerald  green.  These  probably  contain  a  considerable  amount  of 
chromium,  but  we  should  expect  that  all  would  afford  traces  oi  this 
base. 

*  The  material  which  Prof.  Maskelyne  and  Dr.  Fli«;:ht  were  examining  was 
evidently  **  blue  ground,**  and  wu3  taken  from  depths  not  exceeding  180  t'ect. — 
Cl.J.G.s3.,  vol.  ixx,  1874,  p.  406. 

*  In  the  museum  at  Owens  College,  Manchester,  are  some  large  lumps  of  partially 
decompoeed  breccia  intermediate  between  the  ordinary  **blue  ground"  and  the 
specimeDS  deecribed  in  this  paper. 
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(e)  Fragments  of  olivine,  of  a  greenish-yellow  coloar,  not  Terj 
numerous. 

(d)  Iron  oxides.  Grains  of  magnetite  are  very  few  in  number- 
not  one  per  oent  of  the  washing ;  most  of  the  grains  are  not  attracted 
by  the  magnet,  have  a  bright  metallic  lustre,  give  a  brownish  streak, 
and  a  bead  (with  borax)  of  yellowish  bottle-green  oolonr.  These  are 
clearly  ilmenite,  as  was  further  indicated  by  the  usual  chemical  test 
We  have  not  found  chromite,  but,  as  our  search  has  not  been  a  very 
close  one,  it  may  have  escaped  us.  It  can  hardly  be  common.  A 
good  many  subrotund  grains  or  little  flattish  cakes  of  rusty  brown 
colour  prove  to  be  limonite. 

(e)  Occasional  grains  of  pyrite  and  quartz,  and  flakes  of  brownish 
mica. 

Two  other  rock  specimens,  brought  back  by  Sir  J.  B.  Stone,  mast 
also  her  noticed.  One  is  a  somewhat  shapeless  lump,  with  rather 
rounded  surfaces,  more  or  less  slicken-sided,  unctuous  to  the  toucli, 
and  of  a  pale  olive-grey  colour.  The  hardness  of  the  exterior  is 
about  1'5,  but  a  portion  of  the  interior  exposed  by  a  fracture  is  a 
little  less  than  3.  The  former,  when  powdered,  does  not  effervesce 
with  HGl,  and  under  the  microscope  resembles  a  rather  deoompoeed 
serpentine  ;  the  latter  effervesces  briskly,  and  appears  to  be  mainly 
calcite,  perhaps  slightly  dolomitic.  We  seem,  then,  to  have  a  nodale 
of  impure  calcite,  of  what  origin  it  is  difficult  to  say,  enclosed  in 
a  kind  of  husk  of  decomposed  serpentinous  material. 

Ilie  other  specimen  is  a  bard,  fine-grained  grit  or  quartzite, 
almost  black  in  colour,  with  a  thin  banded  structure,  parallel  with 
which  it  has  a  tendency  to  split,  especially  where  a  white  mica 
(fragraental)  is  abimdant  A  niicroRCopic  section  shows  it  to  con- 
sist mainly  of  fragments  of  quartz,  fairly  angular  to  subrotund,  a  few 
being  comiw)und  and  possibly  derived  from  veins.  The  majority 
contain  fluid  cavities,  although  the  amount  of  these  is  variable; 
bubbles,  frequently  small,  are  generally  present,  and  raicrolithic 
enclosures  may  be  occasionally  noted.  Often  there  is  a  thin 
external  zone  of  secondary  quartz.  A  few  fragments  of  felspar, 
including  a  plagioclase,  and  microcline  also  occur.  The  grains  are 
set  in  an  earthy  matrix,  a  good  deal  of  which  on  close  scrutiny  has  s 
fragmental  aspect,  and  very  probably  is  largely  made  up  of  decom- 
posed felspar.  This  part,  with  crossed  nicols,  is  brightly  speckled, 
most  likely  owing  to  the  formation  of  a  secondary  micaceous 
product.  We  find  also  ilmenite,  partly  converted  into  leucoxene, 
a  few  flakes  of  altered  biotite,  and  sundry  microliths.  On  one  side  of 
the  slice  are  one  or  two  bands  of  variable  thickness,  where  the  rock 
is  darker  and  more  fissile,  the  fragments  being  smaller,  and  the 
amount  of  mica  (chiefly  white)  being  larger;  here  also  are  some 
grains  of  pyrite.  Probably  the  rock  is  a  member  of  the  Karoo 
series,  though  possibly  slightly  altered. 

Our  observations  accordingly  seem  to  justify  the  following  state- 
ments : — 

(1)  That  the  diamantiferous  rock  is  a  breccia,  which  in  i^s 
nnweathered  condition  is  cemented  together  by  secondary  minerals. 
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(2)  That  it  oontains  TariouR  rock  fra^n^ents,  some  of  them, 
in  all  probability,  having  been  formerly  peridotites.^ 

(3)  That  it  oontains  a  considerable  number  of  minerals  of  fair 
size  in  a  more  or  less  f ragmen tal  condition  {e.g.,  olivine,  augite, 
biotite,  garnet,  magnetite,  ilmenite). 

(4)  That  these  minerals^-or  at  any  rate  most  of  them — are  not 
such  as  are  likely  to  have  been  formed  tit  siiu,  but  more  probably 
have  been  obtained  by  the  destruction  of  rather  coarse  peridotites, 
pyrozenites,  and  eclogites.' 

(5)  That  while,  since  the  formation  of  the  breccia,  changes  to 
a  not  inconsiderable  extent  have  taken  place  in  the  production  of 
serpentine,  chlorite,  perofskite,  etc.,  these  are  not  such  as  are 
suggestive  of  a  very  high  temperature  or  of  very  great  pressure. 

We  are  therefore  led  to  the  following  conclusions : — That  the 
diamond  also  was  not  produced  tit  bHu  in  the  rock  which  we  have 
been  describing,  but,  like  the  garnet,  eta,  had  its  origin  elsewhere, 
probably  at  a  distinctly  greater  depth  from  the  surface.'  We  thus 
agree  with  Professor  Daubree/  and  differ  from  the  views  expressed 
by  Mr.  Hndleston*  and  Prof.  Carvill  Lewis,*  both  of  whom  regarded 
the  diamond  as  produced  tit  siiui'  but  we  agree  with  the  former  thnt 
the  '*  pipes  "  are  probably  of  volcanic  origin,^  and  that  heated  water 

*  In  the  specimeiiB  which  we  have  examined  it  happens  that  fragments  of  shale, 
which  according  to  Profs.  Dauhr^  and  Carrill  Lewis  are  sometimes  ahnndant,  are 
either  extremely  small  and  rare  or  entirely  absent.  At  any  rate,  thej  cannot  now  be 
identified  with  any  certainty.  [Professor  A.  H.  Green,  F.R.S.,  since  these  word;* 
were  written,  has  most  kindly  lent  me  a  number  of  specimens  of  rocks  and  minerals 
which  he  collected  when  visiting  Eimberley  in  1882,  together  with  sundry  notes  and 
sections,  of  great  interest.  His  specimens  of  *^  blue  ground"  are  not  quite  so  hurd 
as  those  described  above,  but  are  in  better  preservation  than  most  that  I  have 
examined.  They,  contain  fragments  of  black  shale,  in  one  case  abundantly.  One 
specimen  also  includes  several  angular  fragments  (up  to  a  good  half -inch  in  diameter) 
of  a  compact,  slightly  streaky,  greenish-yellow  rock,  apparentiy  a  rotten  serpentine 
(microscopic  examination  seems  hopeless).  There  are  specimens  aUo  of  other  rocks 
which  occur  as  fragments  in  the  oreccia :  three  of  these  must  have  been  of  large 
size ;  two  are  amjgdaloidal,  one  a  compact  diabase,  the  other  a  reddish  porphyrite ; 
the  third  an  olivine  basalt  with  some  nakes  of  brown  mica.  Of  smaller  specimens 
(not  more  than  about  an  inch  in  diameter)  six  are  from  the  Bloemfontein  Mine :  one 
is  a  diorite,  very  slightly  foliated ;  the  other  five  are  particularly  interesting,  for 
they  represent  a  fairly  coarse  rock,  chiefly  composed  of  sahlite  and  a  brownish  mica, 
indistinguishable  from  that  described  above  in  the  breccia.  There  are  also  specimens 
of  the  uieets  of  doleritic  or  diabasic  rocks  of  the  district.  Dykes,  sheets,  etc.,  of 
these,  according  to  Professor  Green,  are  very  abundant,  as  described  in  his  paper 
(Q.J.G.S.,  xliv,  pp.  254,  264).  His  sections  make  the  ''neck'* -like  character  of 
the  diamantiferous  rock  very  clear  — T.  G.  £.] 

'  As  described  in  our  paper,  Geol.  Mao.  1891,  p.  412. 

*  We  may  say  that  this  conclusion  was  arrived  at  independently  of  previous 
writers,  for  we  did  not  refresh  our  memory  of  the  opinions  expressed  by  them  tiU  our 
work  was  practically  concluded. 

*  Comptes  Bendus,  1890,  vol.  ex,  p.  18. 

*  Proc.  Oeol.  Assoc.,  viii,  p.  65. 

'  Brit.  Assoc.  Beports,  1886,  p.  667 ;  1887,  p.  720 ;  and  Gbol.  Mao.  1877, 
pp.  22-24. 

*  Prof.  Maskehme  inclines  to  the  opinion  that  the  diamond  was  produced  at  or 
near  the  contact  ox  a  basic  igneous  rock  with  a  carbonaceous  shale,  but  that  since  then 
the  whole  mass  has  been  affected  by  mechanical  disturbances  and  thermal  waters. — 
Q.J.G.8.,  vol.  XXX,  1874,  pp.  407,  408. 

'  This  wa«  Mr.  Dunn's  opinion,  who  supposed  that  the  diamond  was  produced  by 
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bas  been  tlie  principal  agent  in  producing  tbe  secon<iaTy 
nietamorpbism/  and  we  think  with  the  latter  that  the  aMOciatioa 
of  tbe  diamond  with  a  peridotite  is  not  fortuitous,  though  we  belieTO 
that  tbia  mineral,  like  tbe  others  mentioned  above,  originated  it 
a  much  greater  depth  in  tbe  earth's  crust.  This  view,  we  were  glad 
to  6iid,  had  already  commended  itself  to  Prof.  Daubr^,  who  mak(« 
some  highly  suggestive  remarks  on  the  association  of  diamonds  and 
meteorites.' 


III. — Review  of  the  Evidence  fob  the  Animal  Natube  of  Eozooi 

Canadense. 

By  Sir  William  Dawson,  C.M.G.,  LL.D.,  F.R.S.,  etc. 

II.  Petrolooioal  and  Chemical. 

BEARING  in  mind  tbe  statements  made  in  tbe  previous  note, 
respecting  tbe  stratigrapbical  relations  of  the  Grenville  Series, 
and  referring  to  tbe  excellent  account  by  my  friend  Dr.  Bonney 
of  bis  observations  at  Cote  St.  Pierre,  and  to  some  difficulties  stated 
by  him  which  merit  attention,  we  may  sum  up  the  evidence  so  tar, 
under  tbe  following  statements  : — 

1.  The  limestones  included  in  tbe  Grenville  Series  and  their 
associated  quartzites  and  schists  bear  so  strong  a  resemblance  in 
mineral  character  to  metamorphosed  Palaeozoic  calcareous  beds  of 
organic  origin  and  their  associates,  as  to  warrant  at  least  the  careful 
consideration  of  any  forms  apparently  organic  contained  in  these 
limestones. 

2.  The  occurrence  in  these  limestones  of  nodular  silicates,  of 
graphite,  of  pyrite,  and  of  apatite,  affords  additional  reason  to 
suspect  their  organic  origin.  , 

3.  Tbe  presence  of  large  beds  as  well  as  of  veins  of  graphite 
and  of  thick  deposits  of  iron  ore  in  the  Grenville  Series  constitutes 
an  additional  analogy  with  PalttK)zoic  formations  holding  organic 
remains.* 

These  facts  were  adduced  by  Dr.  Sterry  Hunt  and  Dr.  J.  D. 
Dana  in  evidence  of  the  probability  of  life  in  the  Lauren tian  periotl, 
even  before  the  discovery  of  Eozoon.  Certain  particulars  connected 
with  them,  however,  now  demand  somewhat  more  detailed  attention, 
in  connection  with  that  discovery,  and  with  recent  objections  to  the 
organic  nature  of  Eozoon. 

Dolomite  or  magnesian  limestone  is  a  not  infrequent  associate  of 
Paleeozoic  fossiliferous  limestones;  and  I  have  remarked  in  previous 

tnetamorphism  of  the  carbonaceous  material  in  the  shales. — Q.J.G.S.,  vol.  xxi, 
1874,  p.  64;  vol.  xxxiii,  1877,  p.  879;  vol.  xxxvii,  18SI,  p.  609.  Prof.  Green 
informs  us  that  his  examination  led  liim  to  the  concluHion  that  the  *  pipes '  were 
volcanic  neclu. 

^  l*hiB  may  have  been  the  last  stage  in  a  series  of  volcanic  disturbances,  of  which 
■tbe  flows  noticed  by  Prof.  Green  {ioe.  eit.)  may  have  been  the  earliest. 
^*_X00.  eit,,  pp.  20-24.     Prof.  Lewis  had  already  called  attention  to  certain  points 
» in  ine  diamantiferous  rock  and  meteorites. 
Bta  papers  by  the  author  on  the  Graphite  and  Phosphates  of  the  Laurentian 
iOfmt.  Jomm.  Oeol.  Soc.  London,  1869  and  1876. 
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papers  on  the  similarity  of  the  mode  of  occurrence  of  silioified 
8tromatopor89  in  the  great  dolomite  of  the  Niagara  formation  with 
that  of  Eozoon  in  the  Grenviile  Limestone,  in  which  dolomite 
occnrs  in  beds,  in  thin  layers,  and  in  disseminated  crystals,  in  a 
manner  to  show  that  it  was  an  original  constituent  of  the  deposit 
Dolomite  is  also  one  of  the  most  common  minerals  filling  the 
cavities  of  Eozoon,  and  especially  the  fiuer  tubuli.  The  mode  of 
its  occurrence  on  the  small  soaie  may  be  seen  in  the  following 
description  of  a  section  of  a  portion  of  a  bed  of  limestone  from 
Cote  St.  Pierre,  examined  under  a  lens,  after  being  treated  with 
dilute  acid.  The  specimen  comprised  about  six  inches  of  the 
thickness  of  the  bed : — 
Crystalline  limestone  with  crystals  of  dolomite,  constituting  about 

one  half  (fragments  of  Eozoon  in  calcite  portion).^ 
More  finely  crystalline  limestone,  with  rounded  granules  of  serpen- 
tine, some  of  them  apparently  moulded  in  cavities  of  Archa&o- 

spherinaa,  or  of  chamberlets  of  Eozoon. 
Limestone  with  dolomite  as  above,  but  including  a  thin  layer  of 

limestone  with  granules  of  serpen tiue. 
Limestone  and    dolomite,   with  a  few  grains  of    serpentine  and 

fragments  of  Eozoon. 
Crystalline  dolomite  with  a  few  fragments  of  Eozoon,  as  limestone, 

with  canals  in  dolomite. 
Limestone  with  fragments  of  Eozoon,  granules  of  serpentine,  and 

groups  of  chamberlets  filled  with  serpentine. 
AVe  have  thus  a  bed  of  limestone  in  which  dolomitio  and  serpen- 
tinous  layers  appear  to  alternate,  and  occasional  fragments  of  Eozoun 
occur  in  both,  while  the  smaller  forms  resembling  fossils  are,  so  far 
as  can  be  observed,  limited  to  the  serpentinous  layers. 

At  Aruprion  on  the  Ottawa  a  portion  of  the  Grenviile  Limestone 
presents  dark  graphitic  layers  parallel  to  the  bedding,  and  giving  it 
a  banded  grey  and  white  appearance  which  has  led  to  its  use  as 
a  marble.  An  analysis  by  Dr.  Harrington  shows  that  the  graphitic 
layers  contain  8'32  per  cent,  of  magnesia,  the  lighter  layers  only 
2*57  per  cent.,  in  the  state  of  grains  or  crystals  of  dolomite.  Ahso- 
ciated  with  the  marble  there  are  also  beds  of  brown-weathering 
dolomite,  affording  42*10  of  magnesia.  The  graphite  in  this  marble, 
under  the  microscope  appears  as  fibrils  and  groups  of  minute  clots, 
and  sometimes  coats  the  surfaces  of  crystals  or  fragments  of  calcite, 
the  appearances  being  not  unlike  those  seen  in  carbonaceous  and 
bituminous  limestones  of  later  date. 

In  both  the  above  ceises  the  magnesium  carbonate  is  evidently 
an  original  ingredient  of  the  bed,  and  cannot  have  been  introduced  by 
any  metamorphic  action.  It  must  be  explicable  by  the  causes  which 
produce  dolomite  in  more  recent  limestones. 

Dana  has  thrown  light  on  these  by  his  observations  on  the 
occurrence  of  dolomite  in  the  elevated  coral  island  of  Matea  in 
Polynesia,'  under  circumstances   which   show  that  it  was  formed 

1  Distinguished  by  their  fine  eianular  texture  and  canal-systems. 
>  '*  Corals  and  Coral  Islands,^'  p.  366,  etc. 
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in  the  lagoon  of  m  Ancient  oorml  atoll,  while  he  finds  thai  oonl 
and  coral  sands  of  the  same  elevated  reef  oontain  totj  little 
magnesia.  He  oonolades  that  the  introduction  of  magnesia  into 
the  consolidating  nnder-water  coral  sand  or  mad  has  apparently 
taken  place — "(1)  In  sea- water  at  the  ordinary  temperatare;  and 
(2)  without  the  agency  of  any  other  mineral  water  exoept  that  of 
the  ocean  *' ;  but  the  sand  and  mud  were  those  of  a  lagoon  in  whidi 
the  saline  matter  was  in  process  of  concentration  by  evaporstion 
under  the  solar  heat  Element  has  more  recently  taken  up  thii 
fact  in  the  way  of  experiment,  and  finds  that,  while  in  the  osie  of 
ordinary  calcite  this  action  is  slow  and  imperfect,  with  the  aragonite 
which  constitutes  the  calcareous  framework  of  certain  corals,  and  at 
temperatures  of  60^  or  over,  it  is  very  rapid  and  complete,  producing 
a  mixture  of  calcium  and  magnesium  carbonates,  from  which  a  pore 
dolomite  more  or  less  mixed  with  calcite  may  subsequently  resnlt* 

I  regard  these  observations  as  of  the  utmost  importance  in 
reference  to  the  relations  of  dolomite  with  fossiliferous  limestones, 
and  especially  with  those  of  the  Grenville  Series.  The  waters  of 
tlie  Laurentian  ocean  must  have  been  much  richer  in  salts  of 
msgnesium  than  those  of  the  present  seas,  and  the  temperature  was 
probably  higlier,  so  that  chemical  changes  now  proceeding  in  limited 
lagoons  might  have  occurred  over  much  larger  areaa.  If  at  that 
time  there  were,  as  in  later  periods,  calcareous  organisms  composed 
of  aragonite,  these  may  have  been  destroyed  by  conversion  into 
dolomite,  while  otliers  more  resisting  were  preserved,  just  as  a 
modern  Polytrema  or  Balanus  might  remain,  when  a  coral  to  which 
it  might  be  attached  would  be  dolomitized.  Tliis  would  account 
for  the  persistence  of  Eozoon  and  its  fragments,  when  other 
organisms  may  have  perished,  and  also  for  the  frequent  filling  of 
the  canals  and  tubuli  with  the  magnesian  cai*bonate. 

The  question  now  arises  as  to  the  mineralization  of  Eozo<)n 
with  serpentine,  and  more  rarely,  especially  in  the  case  of  its  larger 
and  lower  chambers,  with  pyroxene.  Connected  •  with  this  is  the 
alternation,  as  above  de8cribe<l,  of  serpentinous  and  dolomitic  layers 
in  the  limestone,  as  if  in  successive  times  the  conditions  were  alter- 
nately favourable  to  the  deposition  of  magnesium  in  the  form  of 
carbonate  and  in  that  of  silicate. 

We  learn  from  the  "Challenger"  Reports  that  under  certain 
circumstances  the  presence  of  organic  matter  in  oceanic  deposits 
causes  an  alkaline  condition,  tending  to  the  solution  of  silica  and 
the  formation  of  silicates.  We  also  learn  that  siliceous  matter  in 
a  state  of  fine  division  (e.g,  volcanic  dust)  may  afford  material  for 
the  production  of  hydrous  silicates,  either  directly  or  indirectly 
through  the  agency  of  organisms  forming  siliceous  skeletons.  The 
'*  Challenger "  Eeports  also  show  that  the  silicates  known  under 
the  name  of  glauconite,  and  thus  deposited,  contain  several  bases  to 
some  extent  interchangeable.  Of  these  the  principal  are  aluminium, 
potash,  and   iron,  though   magnesia  is  also  present.      Some  older 

^  Bulletin  Geol.  8oc.  Belgium,  vol.  ix  (1895,  p.  3).  AIbo  notice  in  Gbol.  Mag., 
July  1896,  p.  329. 
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liUoates  injecting  fossils  in  the  PalsBOzoic  rocks  are  less  complicated, 
and  contain  more  magnesia;  and,  as  Hunt  has  shown,  there  is 
nothing  anomalous  in  the  supposition  that  in  the  Laurentian  period 
silicate  of  magnesium  and  iron  may  have  acted  in  this  capacity.^ 

It  is  true  that  serpentine  is  now  usually  regarded  as  a  product  of 
the  hydration  of  olivine  and  pyroxene ;  still,  even  on  this  supposition, 
it  might  be  formed  from  the  hydration  of  fine  volcanic  dust  falling 
into  the  sea.  Hunt  also  has  shown  that  the  serpentine  of  the 
Grenville  Limestone  di£fers  chemically  from  those  supposed  to  be  of 
direct  igneous  origin  in  its  comparative  freedom  from  iron  oxide,  in 
its  larger  proportion  of  water,  and  in  its  lower  specific  gravity, 
besides  being  a  more  pure  silicate  of  magnesium.  That  it  can  be 
deposited  by  water  is  shown  by  the  chrysotil.e  filling  veins,  and 
by  my  own  observations,  published  long  ago,  on  the  serpentine 
replacing  and  filling  cavities  of  Cambro-Silurian  fossils  at  Melbourne 
in  Canada^  and  filling  the  cells  of  Silurian  corals  at  Lake  Chebo- 
gamong.' 

The  occurrence  of  pyroxene  in  the  limestone,  and  filling  some  of 
the  chambers  of  Eozoon,  may  also  be  easily  explained.  Dr.  Bonney 
well  remarks  that  it  does  not  resemble  any  igneous  rock  known  to 
him,  and  it  is  quite  certain  from  its  mode  of  occurrence  that  it 
cannot  be  directly  igneous.  Somewhat  thick  and  continuous  beds 
of  a  coarser  pyroxenite  occur  in  some  parts  of  the  Grenville  Series, 
e,g,  at  Templeton,  and  I  have  described  them  as  probably  volcanic 
ash-beds,  while  the  large  pyroxene  crystals  found  in  the  veins  of 
apatite  traversing  these  beds  are  probably  of  thermo-aqueous  origin. 
But  the  limited  and  irregular  masses  and  concretions  of  white 
pyroxene  occurring  in  the  limestones  are  of  different  texture  and 
colour,  and  more  purely  silicates  of  lime  and  magnesia.  They  may 
have  resulted  from  local  showers  of  volcanic  ashes  drifted  by 
currents  into  hollows  of  the  Eozoon  reefs,  and  sufficiently  fine  to 
fill  the  larger  chambers  of  dead  specimens,  and  when  ccmsolidated 
to  form  a  basis  for  the  growth  of  new  individuals.  This  is,  I 
think,  the  only  supposition  on  which  they  can  be  explained,  and  it 
would  also  explain  the  difficulty  suggested  by  Dr.  Bonney  as  to  the 
association  of  the  pyroxene  with  Eozoun. 

There  seems,  however,  to  be  no  good  evidence  that  any  portion 
of  the  pyroxene  has  been  changed  into  serpentine ;  and  it  is  evident 
that  if  such  a  change  had  occurred  after  the  consolidation  of  the 
rock,  serious  chemical  and  mechanical  difficulties  would  be  involved, 
whereas  if  volcanic  debris,  whether  of  the  nature  of  olivine  or 
pyroxene,  became  hydra  ted  while  the  rock  was  incoherent  and  in 
process  of  formation,  this  would  tend  greatly  to  promote  the  in- 
filtration with  hydrous  silicates  of  any  fossils  present  in  the  mass. 

Assuming  the  serpentine  and  pyroxene  to  have  been  deposited  as 

^  Bee  Aaalyses  of  Gkaconites,  etc.,  by  Dr.  Hunt  in  '*Dawn  of  Life,"  p.  126. 
One  tertiarjr  example  is  silicate  of  iron  and  magnesia.  See  also  Hoskins  on 
Glaueofiite,  Gbol.  Mao.,  July  1895. 

'  Qnart.  Joom.  Geol.  Soc.  1864,  p.  69,  also  1879,  p.  48  it  seq,.  Memoir  on 
£oKodn  in  Peter  Bedpath  Museum,  1888,  p.  48  et  teq. 
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above  Buggested,  the  remaiiiing  objections  stated  by  Dr.  Bonney 
would  at  once  disappear.  Specimens  of  Eozoon  or  other  fossili 
might  be  infiltrated  or  filled  with  these  silicates,  and  while  tbe 
latter  were  superabundant  they  might  form  separate  oonoretiont 
or  grains  which  might  in  some  esses  envelop  the  fossils  or  be 
attached  to  them  in  irregular  forms,  just  as  one  finds  in  the  case  of 
the  fiints  in  chalk  or  the  chert  in  some  other  limestonea^ 

It  is  scarcely  necessary  to  say  that  no  objection  to  the  orgioio 
origin  of  the  Eozoon  can  be  founded  on  the  fact  that  many  of  the 
specimens  are  fractured,  crushed,  bent,  or  faulted,  by  the  movement 
of  the  containing  rock,  or  on  the  circumstance  that  well-preserved 
specimens  should  be  rare,  and  fonnd  chiefly  in  beds  oontaiuinf^ 
silicates  capable  of  injecting  their  cavities.  On  tlie  other  hand,  the 
circumstance  that  fragments  of  Eozoon  are  abundant  in  the  lime- 
stone is  one  of  the  best  possible  proofs  that  we  are  dealing  with 
a  calcareous  organism.  It  would  be  interesting  to  describe  and 
figure  a  number  of  specimens  in  our  collections  illustrating  the«e 
points ;  but  to  do  so  would  require  an  extensive  illustrated  memoir, 
for  which  neither  space  nor  means  are  at  present  available. 

I  observe,  in  conclusion  of  this  part  of  the  subject,  that  in  any 
highly  crybtalline  limestone  we  can  hope  to  find  well-preserved 
fossils  only  when  their  cavities  and  pores  have  been  filled  with 
some  enduring  siliceous  mineral ;  but,  on  the  other  hand,  that  porous 
fossils,  once  so  infiltrated,  become  imperishable.  It  still  remains 
to  consider  shortly  new  facts  bearing  on  the  structure  of  Eozoon  and 
its  possible  biological  affinities. 

{Part  III  will  appear  in  the  December  Kumber.) 

IV. — On    the    Stratigraphy   of   the   Crag    of   Suffolk,   with 

SSPKCIAL      REFKRBNCB     TO     THE     DISTRIBUTION      OF     THE     FoBA- 
BIIMIFERA.' 

By  H.  W.  Burrows,  A.R.I.B.A.,  etc. 

THE  successional  order  of  the  strata  of  the  Crag  of  the  Eastern 
Counties,  and  the  grouping  and  relationship  of  the  several 
members  of  this  formation,  are  here  described  more  especially  with 
regard  to  the  Foraminifera  obtained  from  them.  These  remarks  on 
the  distribution  of  the  Microzoa  in  the  Crag  are  based  upon  the 
examination  of  material  collected  by  myself  during  the  .past  eiglit 
years,  with  the  exception  of  some  from  Tatting^tone  and  Ge<lgrave 
(zone  g)  kindly  supplied  by  Professor  Prestwich.  The  whole  of 
this  materinl  has  been  worked  over  by  Mr.  Richard  Holland  and 
myself;  and  Mr.  Frederick  Chapman  has  given  us  some  aid 
with  the  Tattingstone  Crag.  Wliilst  assisting  lately  in  the  pp»- 
duction  of  Part  II  of  the  Monograph  of  the  Foraminifera  of  tiie 

^  It  is  a  curious  coincidence  that  Dr.  Johnston-T^vis  has  do^H'ribed  in  th«  JuW 
Number  of  this  Journal,  the  aqueous  depo.«ition  at  ordinary  tempraturc  of  crrsuU 
of  pyroxene  and  hornblende,  in  cavities  and  crevices  of  bones  included  in  an  as&-W 
of  recent  date,  and  in  presimce  of  calcite,  apatite,  and  fluoride  of  calcium,  as  in  tlitf 
Grcnville  Series.     This  is  a  modem  instance  analogous  to  that  su^ested  above. 

'  iiead  before  Svction  C  ol  t^e  BriliBh  Aseociation  at  Ipswich,  Sept.  12  th,  ISdd. 
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Crag,  it  has  been  necessary  to  re-examine  the  collections  previously 
made  by  the  late  Messrs.  S.  V.  Wood  and  W.  E.  Parker,  and  the 
work  done  by  them,  with  Dr.  H.  B.  Brady  and  Professor  T.  Rupert 
Jones ;  and  in  view  of  the  desirability  of  having  the  latest  in- 
formation in  a  tangible  sliape,  I  have  been  led  to  put  together 
some  notes  on  the  Crag  and  the  Distribution  of  its  Foraminifera 
for  this  Monograph,  Part  J  I.  An  Abstract  of  my  memoir  is  now 
offered  to  the  British  Association,  meeting  at  Ipswich  in  the  centre 
of  the  Crag  district 

The  relative  abundance  of  the  Bryozoan,  Molluscan,  and  other 
remains,  besides  the  Foraminifera,  is  necessarily  an  important 
element  in  the  classification  of  the  Crag  beds,  and  is  taken  into 
careful  consideration. 

The  Pliocene  beds  of  the  Bntish  Isles  have  been  exhaustively 
dealt  with  by  Prof.  Prestwich  (1841-1890),  and  lately  by  Clement 
Reid  in  his  "  Pliocene  deposits  of  Britain  "  (Memoirs  Geol.  Survey, 
1890)  ;  and  the  foreign  equivalents  are  tabulated  in  G.  F.  Harrises 
Appendix  to  R.  B.  Newton's  "Syst  List  of  F.  E.  Edwards's  Coll. 
British  Oligocene  and  Eocene  Mollusca,  British  Museum,"  1891. 

PLIOCENE    FORMATION. 
A.    Newer  Plioobne  Beds  (Upper  Ceao). 

I.  Beds  above  the  Bed  Crag  (Norwich  Crag,  etc.). — From  Sonth- 
wold  there  were  enumerated  ten  species  of  Foraminifera  in  the  First 
Part  of  the  Monograph  ; 

From  Thorpe,  near  Norwich,  seven  species ; 

From  Bramerton,  two  species ; 

From  the  Chillesford  beds,  eight  species  are  known. 
These  are  common  forms  of  TextUaria,  Bnliminay  Lagena,  Nodosnrta, 
Polymorphina,    Truncatulina,   and    Polystomella ;    mostly   of  North- 
Atlantic  habitat. 

II.  Bed  Crag  (Essex  and  SufiFolk).— The  coarse  quartzose  sand 
and  ferruginous  condition  of  the  Red  Crag  were  not  favourable  to 
the  presence  and  preservation  of  Foraminifera;  but  a  more  extended 
research  in  the  finer  and  lighter- coloured  sands  might  prove 
profitable,  although  a  prolonged  search  through  some  of  the  grey 
sand,  so  rich  in  Mollusca,  from  Walton-on-the-Naze,  has  not  resulted 
in  any  additions  to  the  twenty  species  recorded  in  the  Monograph, 
Part  I,  1866,  Table  in  Appendix  II. 

B.   Older  Pliocene  (Lower  Crag). 

I.  St  Erik  Beds, — At  St.  Erth,  near  Marazion,  Cornwall,  occurs 
a  very  small  outlier  of  sands  and  clays,  the  Pliocene  age  of  which 
was  definitely  established  by  the  late  Mr.  S.  V.  Wood,  jun.  (1885)  ; 
and  a  full  description  of  the  exposure  was  given  by  Messrs.  P.  F. 
Kendall  and  B.  G.  Bell  (1886),  and  by  Mr.  C.  Reid  (1890). 

Beneath  the  vegetable  soil  and  '*  head ''  (argillaceous  deposit  with 
angular  stones),  are  sand  and  clay,  and  then  a  fossiliferous  blue  clay 
(1^  to  3  feet  thick),  underlaid  by  a  pebble-bed  and  sands:  all  are 
'Variable,  but  amount  to  12-14  feet  in  thickness.     The  Foraminifera 
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have  been  carefully  worked  out  by  Mr.  Fortesoue  W.  Millett,  of 
Marazion;  and  the  lists  published  by  him  (1885,  1886,  1894)  give 
a  total  of  163  species  and  well-marked  varieties.  Of  this  nnmber 
seventy-six  are  also  met  with  in  the  Coralline  Crag;  and  the 
additions  now  made  to  the  rhizopodal  fiftuna  of  the  latter  emphann 
the  similarity  to  a  considerable  degree. 

The  present  notes  have  special  reference  to  the  Crag  of  the 
Eastern  Counties;  and,  although  the  St.  Erth  beds  are  of  great 
interest,  they  are  only  thus  briefly  referred  to  for  the  purpose  of 
comparison.  They  contain  a  very  rich  assemblage  of  LageM 
(thirty-six  species) ;  while  only  twenty-three  are  recorded  from  the 
Coralline  Crag,  of  which,  however,  eighteen  are  common  to  the  two. 
One  of  the  most  interesting  is  Lagena  seminuda,  Brady,  a  species 
met  with  at  only  six  stations  by  the  "  Challenger,"  two  in  the  Sooth 
Atlantic  and  four  in  the  South  Pacific,  with  a  range  of  depth  from 
1300  to  2350  fatlioms.  In  the  St.  Erth  clay  it  is  rare ;  but  in  the 
Coralline  Crag  (zone/)  it  is  rather  common;  so  that  we  have  in 
the  Pliocene  beds  the  earlier  appearance  of  a  comparatively  shallow- 
water  form,  which  has  apparently  since  migrated  to  deeper  seas. 
The  PoIymorphiniB,  so  well  represented  in  the  Coralline  Crag,  appear 
to  be  somewhat  rare  at  St  Erth ;  but  of  the  fifteen  recorded  species, 
ten  are  also  found  in  the  former.  Taken  altogether,  the  balance  of 
evidence,  so  far  as  the  Foraminifera  are  concerned,  8up|)ort8  the 
arguments  adduced  by  Mr.  C.  Keid  for  including  the  St.  Erth  beds 
with  the  Older  Pliocene. 

II.  Coralline  Crag  (termed  also  the  "  SufiFolk  Crag,"  *' White 
Crag,"  **Bryozoan  or  Polyzoan  Crag"). — Both  by  Prof.  Prestwicb 
(1871),  and  by  Messrs.  S.  V.  Wood,  jun..  and  F.  W.  Harmer  (1872), 
two  main  divisions  of  this  Crag  were  fully  recognized.  The  upper 
division  (zones  h  and  ^),  36  feet  thick ;  and  lower  division  (zones 
/to  a),  47  feet,  altogether  83  feet,  according  to  Prestwicb ;  and  the 
whole  (zones  3'",  3",  and  3')  60  feet  by  the  other  authors. 

1.  At  StUton  and  Ramsholi  zones  a,  6,  e,  and  part  of  zone  d,  are 
developed. 

The  lowest  zones  were  exposed  only  in  long  since  disused  pits. 
The  old  pit  on  Mr.  Colchester's  farm  at  Sutton,  south  side  of  Sutton 
Farm  Hill,  showed  in  1860  (Prestwich) :  Under  the  surface  soil 
(1  foot) ;  zones  d  and  c,  17  feet,  the  latter  rich  in  Foraminifera; 
zone  6,  4  feet ;  zone  a,  phosphatic  nodules,  mammalian  remains, 
and  foreign  boulders  (Nodule  bed),  1  foot,  on  London  Clay.  The 
Hamsholt  pit  was  correlated  with  part  of  zone  c, 

2.  At  Broom  Hill ;  zones  d  and  c.  Pit  near  the  Keeper's  Lodge, 
one  mile  west  of  Orford  Church  :  Under  the  surface  soil  and  drift 
(3  feet);  zone  e,  7  feet;  d,  16  feet,  probably  lenticular,  not  exceeding 
10  to  12  feet  in  thickness  in  1894. 

Foraminifera  are  abundant  in  both  zones  in  this  section.  In 
zone  d,  in  addition  to  the  forms  common  to  most  of  the  Coralline 
Crag  exposures,  PolysiomeUa  crispa  is  perhaps  the  most  common, 
together  with  fine  specimens  of  P.  maceUa.  Some  of  the  Po/y- 
morphina,  as  P.frondiformis,  P.  complanata,  P,compre8$a,  and  P.  ^^ 
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are  Tery  large  and  well  grown ;  and  the  same  remark  applies  to 
Pdvinulina  repanda.  Cassidtdina  lavigata,  not  usually  a  common 
form  in  the  Coralline  Crag,  is  also  fairly  plentiful  in  this  zone.  In 
zone  e  we  notice  the  same  abundance  of  Fofyatomella  crispa,  large 
sod  well  developed.  Other  common  species  are  Textilaria  8€tgiUnla, 
Truncatuiina  lobatula,  T.  Haidingeri,  and  Rotalia  Beeearii.  On  the 
other  hand,  NomonituB  are  rare  and  small.  Milioline  forms  are 
remarkably  absent. 

3.  Sudboume  Hall. — Under  the  surface  soil  and  drift  (1^  feet) ; 
zone  d,  6}  feet 

This  pit  is  referred,  somewhat  doubtfully,  by  Prof.  Prestwich  to 
the  zone  d ;  but  the  Mollusca,  especially  the  band '  with  Arctica 
isiandiea,  in  a  greenish  to  bu£f- coloured  Crag,  so  distinctive  of  this 
zone  at  Broom  Hill,  Sutton,  and  elsewhere,  together  with  the 
Foraminifera,  confirm  this  view.  Some  of  the  latter  are  here  very 
fine;  specimens  of  Folymorphina  frondi/ormis  5mm.  long,  and  of 
P.  eomplanaia  4  mm.  long,  are  not  uncommon.  Polymorphina 
variaia  is  also  plentiful  and  well  grown,  together  with  Textilaria 
ogglvUnans  (varieties)  and  T,  trochvs, 

4.  Tattingatone  (Park  Farm) ;  zone  d. — Prof.  Prestwich  kindly 
supplied  some  material  from  the  outlier  of  Coralline  Crag  occurring 
in  this  locality,  four  and  a  half  miles  south-south-west  of  Ipswich. 
The  section  is  now  much  overgrown ;  but  originally,  beneath  12  feet 
of  Bed  Crag,  about  8  feet  of  Coralline  Crag  were  exposed.  This  was 
referred  with  some  doubt  by  Prof.  Prestwich  to  his  zone  d ;  and  the 
foraminiferal  fauna  differs  somewhat  from  that  referable  to  this 
zone  in  other  localities.  Lagena  are  fairly  plentiful;  L.  lacunata 
and  L,  melo^  not  often  met  with  elsewhere,  being  rather  common. 
Excepting  some  species  which  range  through  the  entire  formation, 
Foraminifera  are  rather  rare. 

5.  Sutton;  zones  e,/,  and  g. — The  pits  in  this  classical  locality  are 
now  somewhat  obscured,  weathered,  and  overgrown.  The  celebrated 
Bullock-yard  pit,  about  250  yards  south-west  of  Pettistree  Hall, 
furnished  the  late  Mr.  S.  Y.  Wood  with  the  bulk  of  his  extensive 
collection  of  Mollusca  from  this  formation.  In  1894  a  comparatively 
fresh  excavation,  some  forty  to  fifty  yards  north  of  the  Bullock-yard 
pit  and  facing  Pettistree  Hall,  showed :  Under  the  surface-soil  (2  feet); 
zone  ^,  2  to  3  feet ;  zone  /,  5  feet ;  zone  e,  4^  feet.  The  strata  are 
in  all  probability  lenticular  and  unevenly  bedded.  Here  the  zones 
e  and  /  have  yielded  a  rich  foraminiferal  fauna.  The  latter  gives 
Polymorphina  frondiformis,  P,  variata,  P.  gihba,  P.  complanata,  P. 
communis,  Textilaria  gibbosa,  Biloculina  ringens,  etc. ;  while  the 
Lagenoy  rarer  as  individuals,  are  numerouH  in  species.  Dentnlina 
pauperata,  6  mm.  long,  D,  obliqua,  7  mm.  long,  Polymorphina  nodo- 
aariOf  4  mm.  long,  and  Dimorphina  tuberosn,  4  mm.  long,  are  not 
infrequent.  In  zone  e  the  species  common  in  the  same  zone  at 
Broom  Hill  are  also  plentiful  here;  and  Nonionina  scnpha,  rather 
rare  there,  is  very  common  here  and  well  developed.  Milioline  are 
rather  common,  together  with  Planorbulina  Medilerranensia  and 
Di$eorbi»a  rosacecu 
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It  seemB  probable  that  the  greater  nnmber  of  the  upecies  recorded 
from  Sutton  in  the  First  Part  of  the  Monograph  of  the  Foraminifen 
of  the  Cmg  (1866)  were  fnim  zone  /;  bnt,  if  that  were  not  aOr  it  ii 
now  impoMible  to  separate  those  found  in  zone  e. 

6.  Gidgrave. — Zones  /,  g,  and  h  are  still  well  shown  in  the  pits 
at  High  and  Low  Ged^rave,  one-and-a-half  miles  west  of  Orford. 

Pit  close  to  High  lloiuey  Qedgrnve.  Under  the  snrfaoe  soil,  cone 
A,  2  to  3  feet ;  zone  g,  for  about  17  feet  to  bottom  of  the  pit ;  ban 
not  seen. 

Pit  at  Low  Farm,  Gedgrave,  close  to  the  marshes,  showing  in  part 
the  downward  suooession  of  the  High  House  Pit;  zone  /,  ^|  to  7 
feet  (base  not  seen).  A  small  pit  at  Ferrg  Bam,  half-a-mile  to  the 
south-west,  also  shows  a  good  exposure  of  this  bed,  with  Foraminifeni 
and  small  MoUnsca. 

Zone  /  is  rich  in  Forarainifera,  some  being  large  and  striking.  e.g. 
Teztilaria  agglutinana^  T.  gtbbo$a,  Fdlymorphina  variata^  P.  fromdi" 
formis,  P,  eompre$§a,  P,  eomplanata,  together  with  large,  but  rarer, 
BiloaUina  ringens,  eta  SpirilNna  vivipnra,  usually  a  rare  species,  is 
somewhat  common  here.  Speaking  generally,  the  Foraminifera  are 
closely  allied  to  those  from  Sutton,  zone  / 

In  zone  g  a  striking  feature  is  the  comparative  abundance  of 
LngeniBy  particularly  the  niarginate  forms.  Other  nitlier  common 
species  are — Nonionina  acnphOf  Spirillina  vivtparny  Jlfliiiolina  ohionga, 
Planorbnliua  MrdiierrannmSy  Textilaria  sagitiula^  Bolivina  Mnan- 
etiftiBf  and  Rotalia  Beccarii, 

Zone  h  has  probably  been  reconstructed  from  a  part  of  zone  g, 

7.  Aldborough;  zone  g. — The  pits  near  the  Red  House,  Leiston 
Road,  close  to  Aldborough,  show  alx)ut  eight  feet  of  fine,  buff- 
coloured,  rubbly  limestone  full  of  Br3'02oa,  in  part  decalcified. 
Mollusca  are  not  abundant,  those  species  of  which  the  tests  are 
formed  of  aragonite  having  been  removed  by  percolation  of 
carbonated  waters.  Chlamys  opercularia  is  abundant,  however,  as 
the  shell  consists  of  calcite.  Owing  to  this  decalcification,  Fom- 
niinifera  are  somewhat  scarce  in  this  locality,  only  a  few  much 
dec(>ni{X)8ed  Porcellaneous  forms,  such  as  MUiolina  ohlonga^  3L 
geminnlumf  and  HilocuUna  ringetiSf  occurring.  The  Hyaline  forms, 
although  better  preserved,  are  usually  in  a  somewhat  decomposed 
C(mdiiion,  with  the  chambering  obscured.  Thus  probably  the  origiual 
foraminiferal  fauna  is  by  no  means  fully  represented. 

8.  Sudbourne, — Pits  to  the  north-east  of  Sudbounie  Church.  The 
npper  beds  in  this  neighbourhood  are  nearly  all  referable  to  zone^; 
they  are  very  ferruginous,  and  the  Foraminifera  badly  preserved. 
Eleven  species,  mostly  common  elsewhere,  have  been  found ;  they 
are  plentiful,  but  obscured  with  iron-oxide. 

J II.  Lenham  Beds. — The  sands  and  fossiliferous  ironstone  found 
at  Lenham,  in  Kent,  by  Professor  T.  Rupert  Jones  and  Mr.  W. 
Harris,  were  referred  in  1858  by  Professor  Prestwich  to  the  Crag 
and  Diestian  Series;  and  this  has  been  confirnied  by  further  com- 
parison of  the  fossils  with  those  of  Diestian  age.  Tliese  sands  ilo 
ijot  ap{)ear  to  havo  been  ei^amincd  for  Foraminifera,  and  probably 
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decalcification  would  cause  a  false  conception  to  be  taken  of  the 
protozoan  life. 

IV.  The  Nodtde  Bed;  zone  a,  originally  exposed  at  Sutton  (see 
above). — In  the  exposures  now  open,  as  at  Foxhall,  the  mixed  and 
remanie  character  of  the  deposit  precludes  any  trustworthy  infer- 
ences being  made  from  such  specimens  as  might  be  found. 

Note. — Some  Foraminifera  derived  from  much  older  Tertiary  beds 
were  found  by  Mr.  Searles  V.  Wood  in  the  Coralline  Crag  of  Sutton 
and  elsewhere,  namely,  Orbitolttes,  Orbiculina,  AlveoHna^  PeneropUs, 
AmphiBtegina,  Nummuliies,  and  Orhitoidea ;  mostly  unique  specimens. 

The  value  of  Foraminifera  as  a  means  of  establishing  strati- 
graphical  correlation,  with  few  notable  exceptions,  such  as  Nummu* 
lites  and  Fa$uUna,  has  not  perhaps  been  so  fully  recognized  as  it 
might  be. 

In  the  Coralline  Crag  the  most  strikingly  constant  Foraminifer  is 
Polymorphina  frondiformis,  and  this  species  appears  to  be  charac- 
teristic of  this  horizon  in  England.  So  far  as  I  am  aware,  it  is  not 
met  with  in  the  Antwerp  Crag.  I  have  collected  and  examined 
material  from  the  Casterlian  and  Scaldisian  of  the  Kattendyk 
Docks,  but  have  not  found  this  species ;  nor  is  it  recorded  from 
the  Diestian.  May  this  not  prove  that  the  Antwerp  beds  are  of 
somewhat  different  age  to  those  of  England  ? 

The  **  constancy  and  determinability  "  of  the  zones  established  by 
Professor  PreHtwich  for  th«  Coralline  Crag  were  doubted  by  Messrs. 
S.  V.  Wood,  jun.,  and  F.  W.  Harmer;  but  the  foregoing  notes  tend 
to  prove  that  there  is  good  ground  for  accepting  his  subdivisions. 
The  exact  correlation  of  isolated  patches  of  the  Crag  is  not  in  nil 
cases  easily  establihhed ;  and  further  research  is  needed  to  finally 
settle  the  relationship  of  some  of  them. 

So  far  as  my  researches  on  the  Mollusca  of  the  Crag  have  extended, 
and  I  have  collected  for  several  years  from  almost  every  exposure 
now  open,  they  confirm  the  zonal  arrangement  of  the  beds.  The 
band  with  Arctica  islandica  is  apparently  constant  to  zone  d.  At 
Sutton  and  Gedgrave,  points  widely  separated  in  the  Crag  area, 
zone  /  is  characterized  by  the  relative  abundance  of  species  which 
are  either  absent  or  rare  in  other  zones  ;  among  such  may  be  named 
Bullinella  acuminata^  B.  contduSf  Adeorbis  subcarinatus,  A,  pulchraliSf 
2'rochuB  obconicuSj  Raphitoma  brackystoma,  Turboiiilla  elegantior,  Lima 
ovata,  and  others ;  while  some  species,  though  not  so  distinctive  of 
this  zone,  are  far  more  abundant  than  in  any  other,  such  as  Ringicula 
bnccinea.  Caecum  mammillatnm,  Tri/oris  perversa,  Astarte  Forbesi,  and 
other  species. 

3i?rOTICES    OIP    3^E3i^OII^S. 

Snow  Dust.     By  Prof.  Cleveland  Abbe.     Monthly  Weather  Review, 
January,  1895,  pp.  15-19.     (U.S.  Weather  Bureau.) 

ON  the  night  of  January  11-12,  1895,  a  shower  of  dust  in  con- 
nection with  snow  f«ll  throughout  a  large  part  of  Indiana  and 
Eentuck/.     I'Le  dust  may  have  been  ml^xuw^X^^  n^VCcl  ^xi'CkNN  \vk^ 
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the  air,  or  tnaj  hftve  fallen  with  the  wind  that  pnoeded  B  woxul 
Bnowfall.  At  any  rale,  it  was  Tound  afterwarils  funning  a  layer  of 
dirty  mow,  between  two  clean  layen  of  now,  and  it  was  tlin*  ttrj 
to  gather  it  free  from  the  unilerlying  ■oil.  A  Urge  nnmber  of 
■pecimens  were  collected  and  were  auhmilted  to  mioroscopioal  and 
phj'sical  esaniination.  The  dust  waa  found  to  be  largely  made  up 
of  eilt,  mixed  with  organic  matter,  and  waa  probably  derived  from 
Rome  dried-np  lake,  pond,  or  marah  to  the  nortb-weaL  ProfeMor 
AVhitney's  mechanical  analygia  shows  that  it  is  almost  identical  with 
the  loess  that  covers  f;''^'^^  areas  in  Illinois,  Nebraska,  and  other 
adjoining  States,  and  he  gives  the  following  Table  showing  lb« 
percentage  by  weight  of  the  contenta  of  air-dried  samples: — 
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C.  Davison. 


E  E  "V  I  E  "W  S. 


I. — CitBMiOAL  Crtst  ALLOGRAPH  v.  An  Intboi>dction  to  Cbksucai 
Cbystallographt.  V-y  Andrf.as  Fook,  Ph.D.  (Berlin).  Trans- 
Iftteil  and  edited  by  William  J.  Pope.  (189  and  xvi  pages, 
8vo,)     Clarendon  Press,  Oxford. 

MASKELYNE'S  "Morphology  of  Crystals"  has  been  quictlj 
followed  by  a  companion  volume  inBued  from  the  same  Press, 
and  dealing,  not  with  the  geometrical  form,  but  with  the  origin, 
growth,  and  chemistry  of  crystals.  In  a  review  of  the  former  boot 
it  was  staled  that  Crystal  lo};m|ihy  hns  now  develuped  relaiionsliipa 
with  other  sciences,  by  which  it  is  invested  with  numenms  pmcticsl 
applications.  Fock's  little  book  should  be  read  by  every  chemirt 
or  geologist  who  wishes  lo  have  a  thoroughly  lucid  and  reliable 
acconnt  of  the  manner  in  which  cryctaNiigraphy  dovetails  into 
chemistry,  and  especiiilly  of  the  remarkable  problema  which  bars 
emerged  into  prominence  Oi\mn^  v\ift  laat  few  years  in  the  region 
of  physical  cbemifilrj.      Soiwft  tA  \W*a  \iw^  >»iva«  K-a-wi  « 
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sinoe  the  date  of  the  German  edition,  and  aoox)unt  for  the  large 
amount  of  additional  matter  which  appears  in  the  English  trans- 
lation. 

Osmotic  pressure,  diffusion,  the  nature  of  douhle  salts  and 
isomorphous  mixtures,  the  equilibrium  between  different  substances 
in  a  mixed  solution — all  these  are  subjects  of  vital  importance  to 
the  chemist,  and  of  no  less  interest  to  the  geologist  who  occupies 
himself  with  the  study  of  igneous  magmas.  Important  above  all 
is  the  experimental  work  of  Koozeboom  upon  the  last- mentioned 
problem.  About  a  third  of  the  book  is  devoted  to  a  sketch  of 
isomorphism,  under  which  these  points  are  ably  treated.  There  is, 
of  course,  mixed  with  established  facts  much  that  is  hypothetical, 
and  little  attempt  is  made  by  Dr.  Fock  to  sift  the  one  from  the 
other ;  but  he  has,  at  any  rate,  given  a  truthful  abstract  of  work 
which  was  previously  only  to  be  found  dispersed  through  many 
books  and  journals. 

Mr.  Pope  has  made  an  excellent  translation,  and  has  done  good 
work  in  bringing  the  subject  to  the  notice  of  English  readers. 
The  result  of  his  collaboration  with  Dr.  Fock  has  been  to  supply 
a  thoroughly  attractive  and  readable  survey  of  all  that  is  known  at 
the  present  date  about  chemical  crystallography  or  crystallographic 
chemistry.  

II. — An  Introduction  to  the  Study  op  Rooks.  By  L.  Fletcher, 
F.K.S.,  etc.,  Mineral  Department,  British  Museum  (Natural 
History).  Printed  by  Order  of  the  Trustees:  London.  8vo, 
pp.  118.     Price  6d. 

THIS  Handbook  may  well  be  considered  alongside  of  the  Guide 
to  the  Collections  of  Rocks  and  Fossils  belonging  to  the 
Greological  Survey  of  Ireland.^  Both  in  a  measure  show  the  diffi- 
culties of  grouping  information  which  relates  to  diverse  specimens 
arranged  in  cases ;  but  the  methods  adopted  in  the  two  works  are 
in  many  respects  widely  diiferent.  In  the  Survey  Guide,  the  age, 
method  of  formation,  and  life-history  of  the  rocks  are  dominant 
features ;  in  the  British  Museum  Guide,  greater  prominence  is  given 
to  their  mineral  structure  and  characters. 

Ck)mmencing  with  definitions  of  different  kinds  of  rock  and  of 
large  mineral  masses,  the  author  proceeds  to  describe  their  varieties 
of  structure  and  composition,  and  the  methods  of  crystalline  growth. 
In  reference  to  characters  he  uses  the  term  petrical  for  those  to  be 
observed  in  large  rock- masses  in  the  field  ;  and  Uthical  for  the 
characters  manifested  by  fragments  of  rocks,  such  as  are  preserved 
in  a  museum.  Then  follow  concise  and  excellent  explanations  of 
many  terms  commonly  used  to  describe  these  various  characters. 

l^e  variations  in  rock-masses  and  the  similarities  between  rocks 
of  different  ages  are  duly  noted ;  and  it  is  pointed  out  that  the  same 
mass  may  at  one  age  belong  to  one  kind,  at  another  age  to  a  different 
kind  of  rock,  as  a  result  of  metamorphism.  Serpentine  is  cited  as 
an  example. 

The  author  then  expresses  his  determmaVVoti "  ^«X.  x^Of^%  ^ws\.\ 

J  In/ray  p.  516. 
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be  distributed  into  kinds  by  means  of  lithical  oharactere  alone,**  and 
atates  that  these  may  be  grouped  in  regard  to  Mineral  composition 
and  Structure.  He  takes  thirty  different  rocks,  and  seeks  to  ascertain 
bow  they  may  l)e  classi6ed.  Seven  preliminary  groups  are  first 
made,  but  they  lead  to  assemblages  which  are  more  curious  than 
instructive.  Thus,  among  "  Rocks  essentially  composed  of  material 
belonging  to  a  single  mineral  species,"  we  find  Kock-salt,  Quartz- 
rook,  Limestone,  and  Serpentine  grouped  together ;  and  again,  among 
"  Rocks  which,  though  really  composed  of  material  not  belonging  to 
a  single  definite  mineral  species,  are  so  far  homogeneous  in  aspect 
that  the  essentiality  of  the  compositeness  is  concealed  from  tlie 
unaided  eye,'*  we  find  Coal,  Clay,  Obsidian,  Phonolite,  and  Felstone 
arranged  together.  We  may,  indeed,  question  the  value  of  such 
temporary  assortments.  It  is  as  if  we  arranged  the  books  in  a 
library  according  to  their  bindings ;  and  the  author  himself  prooee<l8 
to  show  that  any  arrangement  based  on  apparent  simplicity  is 
unsatisfactory  for  purposes  of  classification.  He  then  discusses  the 
modes  of  origin  of  the  rocks  belonging  to  his  seven  preliminary 
groups,  and  also  the  processes  by  which  the  rocks  have  attained 
their  present  characters.  This  leads  to  certain  re-arrangements  in 
his  groupings,  and  to  a  number  of  separate  descriptions  of  the 
principal  rocks.  Hence  the  student  must  turn  from  page  to  pa^ 
if  he  wants  to  learn  all  that  is  said  about  crystalline  schist,  gneiss, 
slate,  shale,  or  any  other  rock.  The  index  will  here  prove  very 
serviceable,  but  we  venture  to  hope  that  in  the  future  editions  of  bis 
work  the  author  may  find  ways  of  simplifying  his  groupings  and 
descriptions  of  rocks.  He  has  devoted  great  care  and  pains  to  his 
work,  he  has  given  us  much  valuable  and  precise  information,  ami 
has  pointed  out  a  number  of  ways  in  which  rocks  may  be  arranged ; 
but  we  believe  the  student  would  have  found  the  path  to  know- 
ledge easier  if  one  general  classification  had  been  given,  and  if  the 
descriptions  of  each  type  of  rock  had  been  in  sequence. 

Like  all  the  British  Museum  publications,  this  work  is  excellently 
printed,  and  in  respect  both  to  type  and  paper  it  sets  an  example 
that  might  well  be  followed  by  Her  Majesty's  Stationery  Office. 
Its  price  is  sixpence. 

HI. — Petrology  for  Students  :  An  Introduction  to  the  Study 
OF  Rocks  under  the  Microscope.  By  Alfred  Harkke, 
M.A.,  F.G.S.  (Cambridge,  at  the  University  Press). 

THIS  is  a  book  which  presents  no  easy  task  to  the  reviewer; 
it  is  so  full  of  thorough  and  useful  work  and  so  carefully 
put  together  that  there  is  practically  nothing  in  it  t^  correct  and 
little  to  add,  while  to  endeavour  to  make  an  abstract  of  it  would  be 
to  make  an  extract  of  Liebig  or  to  compress  peuimican.  Avoiding 
the  long  description  of  the  petrological  microscope  which  usually 
occupies  so  many  of  the  first  pages  in  a  book  of  this  kind,  referring 
to  other  special  works  for  descriptions  of  minerals,  and  laying 
aside  any  digression  on  m^Wio^^  ol  ic^^^wcq.\\  other  than  study  in 
the  field,  with  the  lens,  and  N«\\Xi  V\i^  \xivi\<i'6ft<i^^,  VJc^a  ^N>.>ilcL<2rt  >Joiss.^ 
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at  onoe  into  his  Bobjeot  and  teaches  as  just  exactly  what  we  want 
to  know  about  the  shape,  appearance,  and  general  optical  characters 
to  be  observed  in  the  microscopic  study  of  minerals,  and  of  the 
rocks  which  they  constitute.  •  Then  with  a  few  passing  words  on 
classification  he  begins  his  description  of  Plutonic  rocks  with  the 
Granites. 

He  divides  the  igneoos  rocks  into  three  broad  classes,  of  which 
the  plutonic  class  needs  no  explanation;  the  intrusive  rocks  are 
definiBd  as  "  certain  families  of  rooks  "  which  ''  are  met  with  almost 
exclusively  in  the  form  of  dykes,  sills,  laccolites  of  small  dimen- 
sions, and  '  pipes '  of  old  volcanoes  " ;  and  the  volcanic  rocks  are 
those  which  "have  consolidated  from  fusion  under  superficial 
conditions,  i.e.  by  comparatively  rapid  cooling  under  low  pressure." 

An  uniform  mode  of  description  is  adopted  throughout.  After 
a  few  preliminary  remarks  on  each  great  rock-group  we  are  given  a 
list  of  the  constituent  minerals  and  their  characters  in  the  rocks 
in  question,  an  account  of  the  structure  of  the  rocks,  of  their 
leading  types,  and,  where  necessary,  of  their  s))ecial  modifications. 
The  leading  types,  whenever  possible,  are  defined  from  British 
examples,  but  where  the  British  Isles  fail  to  supply  the  desired 
information  the  whole  world  is  laid  under  contribution.  The 
especial  value  of  this  part,  and  indeed  of  the  entire  work,  is  that 
the  description  is  written  in  almost  all  cases  direct  from  the  actual 
specimens,  and  the  author  tells  us  with  reserve  of  particulars  and 
variations  which  have  not  come  within  the  wide  range  of  his  own 
personal  observation.  Notwithstanding  this,  very  full  references 
are  given  throughout,  and  this  will  make  the  book  especially 
valuable  to  the  advanced  student,  as  it  gives  him  a  mine  of  biblio- 
graphic detail. 

A  slight  slip  occurs  under  the  Diorites,  where  the  rocks  of 
Nuneaton  are  stated  to  be  probably  of  Carboniferous  age.  As  a 
matter  of  fact  these  diorites,  like  the  Cambrian  sediments  into 
which  they  are  intruded,  are  unconformably  overlain  by  Caf- 
boniferous  rocks,  and  are  almost  certainly  not  later  than  Ordovician 
in  point  of  date.  Where  similar  rooks  occur,  as  at  Inchnadamff, 
the  Wrekin,  and  the  Longmynd,  they  penetrate  Cambrian  or  older 
rocks  only,  and  have  never  been  found  to  touch  Ordovician  strata. 

The  term  Gabbro  is  not  used  quite  in  the  sense  suggested  by 
Teall,  but  appears  to  be  confined  to  rocks  possessing  the  diallagio 
modification  of  augite.  Two  main  types  of  ultrabasic  rocks  are 
recognized,  the  piorites  and  the  peridotites,  the  former  "having 
usually  suliordinate  plagioclase,'*  the  latter  being  non-felRpathiu. 
In  dealing  with  the  baHic  intrusive  rocks  Mr.  Harker  depart^^  from 
the  usualt  and,  as  we  venture  to  think,  the  best,  practice  of  British 
petrologists  in  declining  to  use  the  term  diabase  for  the  altered 
representatives  of  the  dolerite  family,  and  in  applying  it  to  ophitio 
and  granulitio  rocks  which  ''are  holocrystalline  and  typically 
non-porphyritic."  Thus  the  word  dolerite  is  reserved  to  designate 
volcanic  rocks  of  basaltic  com  position  m  vjXvVciVv  N)ck^  ^\%\\wr.\\v5w 
between  phenocryats  and  ground-maBS  \a  noX.  -wfW  tcwkcSb.^^*     '^'^ 
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saoh  use  of  terms  we  find  the  Ordovioian  sills  of  Gamarvonsbire, 
the  Whin  Sill,  and  the  Glee  Hill  rock  named  diabases,  but  when 
we  look  for  dolerites  amongst  the  voloanio  sabdivision  we  find 
the  term  not  very  decisively  defined  and  applied  to  only  two  rock- 
groups,  those  known  as  Toadstones  in  Derbyshire  and  the  ophitic 
and  gran uli tic  rooks  of  the  Inner  Hebrides. 

It  is  interesting  to  notice  that  the  criterion  of  age  is  once  and  for 
all  swept  away  in  naming  volcanic  rocks,  and  the  author  uses 
such  terms  as  rhyolite,  trachyte,  and  basalt  for  voloanio  rocks  of 
Tertiary  and  pre-Tertiary  ages. 

Sedimentary  rocks  are  dealt  witb  in  considerable  detail  under 
the  usual  headings,  and  we  would  call  especial  attention  to  the 
full  and  accurate  treatment  of  the  calcareous  division,  which  includes 
an  account  of  the  microscopic  appearance  of  the  chief  organic 
constituents  of  these  rocks. 

The  last  but  by  no  means  least  important  part  of  the  work  is 
devoted  to  the  consideration  of  metamorphism,  beginning  with 
a  masterly  account  6f  the  minerals  developed  by  thermal  action  in 
various  kinds  of  rocks,  igneous,  sedimentary,  and  even  foliated. 
Dynamic  metamorphism  is  also  ably  treated,  a  distinction  being 
drawn  so  far  as  possible  between  the  direct  effects  of  pressure  and 
movement  and  the  secondary  effects  due  to  heat  liberated  by  crush- 
ing and  shearing.  A  lumber  room  has  still  to  be  provided  for  the 
reception  of  "  various  crystalline  rocks,"  including  schists,  gneisses, 
granulites,  and  eclogites ;  some  of  these  are  shown  to  be  due  to 
thermal  metamorphism,  others  to  dynamic  action  on  sedimentary  or 
igneous  material,  and  the  rest  are  probably  original  igneous  products. 

The  Pitt  Press  is  to  be  congratulated  on  the  printing  and  appear- 
ance of  the  book,  and  the  proof-sheets  have  evidently  been  read  with 
extreme  care ;  but  it  is  a  great  pity  that  the  drawings,  on  which 
much  labour  has  clearly  been  spent,  presumably  by  the  author,  have 
not  been  reproduced  by  some  more  satisfactory  process,  which  would 
have  dealt  more  tenderly  with  the  minuter  details  in  them. 

In  closing  the  book  we  have  only  two  words  to  add  to  the  student, 
be  he  field-worker,  petrologist,  or  mineralogist — Read  it. 

w.  w.  w. 

IV. — Guide  to  the  Collections  op  Rocks  and  Fossils  belonging 
TO  THE  Geological  Survey  op  Ikeland.  By  A.  McHenry, 
M.R.I.A.,  and  W.  W.  Watts.  M.A.,  F.G  S.  8vo,  pp.  loo. 
(Dublin :  Printed  for  Her  Majesty's  Stationery  Office  by 
Alexander  Thorn  and  Co.,  1895.     Price  9d.) 

fllllE  collections  of  rocks  and  fossils  belonging  to  the  Geological 

J.      Survey  of  Ireland  are  deposited  in  the  Science  and  Art  Museum 

at  Dublin.     Commenced  when  Jukes  was  Director  of  that  Survey, 

the  collections  of  late  years  have  been  much  amplified,  so  that  they 

are  well  calculated  to  illustrate  the  general  geology  of  Ireland.    Tbe 

original  collection  was  fully  described  in  a  catalogue  prepared  by 

Jukes,  and  all  the  faoVs  oi  \m^T\».xv^»  Y^^^'^^'^^  tVverein  have  heen 

incorporated  in  tbe  pveseivX.  No\>3Ltci^.    l^^x^QN^t,  >[>»»  ^c>r^s:!^  K:k\  '^^ 
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many  geologists  (whether  connected  with  the  Survey  or  not)  who 
have  made  a  study  of  Irish  Geology,  have  been  consulted  in  the 
preparation  of  the  Guide,  so  that  it  aims  to  give  a  summary  of  all 
the  leading  facts  connected  with  the  subject.  That  this  aim  has 
been  fully  and  most  carefully  carried  out,  will  be  acknowledged  by 
all  who  peruse  the  work  of  Messrs.  McHenry  and  Watts. 

At  the  same  time  it  will  be  freely  conceded,  that  it  is  almost 
impossible  to  produce  a  work  that  will  readily  serve  all  the  wants 
of  those  who  have  access  to  the  Dublin  Collection,  and  of  those  who 
seek  only  to  learn  the  latest  results  of  enquiry  relating  to  the 
Geology  of  Ireland.  To  get  a  connected  account  of  each  formation 
we  have  to  look  under  four  headings  devoted  to  each  province,  and 
there  is  no  index  to  facilitate  reference.  With  patience,  however, 
the  student  will  be  able  to  glean  what  he  wants ;  and  the  entire 
work  contains  such  valuable  records  of  fact  and  so  many  lucid 
explanations  and  suggestions  (all  for  the  small  sum  of  ninepence  I), 
that  it  should  be  in  the  hands  of  every  working  geologist. 

The  rocks,  stratified  and  igneous,  are  described  in  fonr  great 
groups,  those  of  Leihster,  Connaught,  Ulster,  and  Munster.  The 
following  are  the  formations  described  : — 

X« o\^ faS%  f  •■•  •••  ■■■  ■••  «••  •• 

X  I«BI8TOCBIlB       ••«       ■••       •••       •••       •• 

^  M4X\3\^nS%  A     •••         •••         «••         •••         •••         •• 


...    Blown  Sands,  Allnvinm,  Peat,  etc. 

...     Glacial  Drifts. 

...     (**  Manure  Gravels "  of  Wexford.) 

I  Upper  Basalts. 
...  I  Leaf  Beds,  etc. 

(  Lower  Basalts. 

r  Chalk. 
*"  \  Upper  Greensand. 
...    Lias. 

I  Rhaetic  Beds. 
...J  Eeuper. 

(  Banter. 

•  •  • 

(Coal-measores. 
Millstone  Grit. 
Yoredale  Series. 
Carboniferous  Limestone. 
Lower  Carboniferous  (Slate,  Sandstone,  etc.). 
I  Upper. 
'"  \  Lower  (including  Dingle  Beds). 
/  Ludlow 
J  Wenlock. 
•••J  Tarannon. 
V  Llandovery. 
rCaradoc-Bala. 
—  \  Llandeilo. 


Eocene  or  Olioocbnb    

C&BTACBOVS        

Ju&ASSIC 

X  RIAPPXC       «••         •••         •■•         •••         •• 

A  JtiM I  n  ¥%        •••  «••         •••         •••  •• 

Cabbonipbbous   

Old  Red  Sandstone   

TJPPBB  SiLUKIAK       

Lower  Silvbian     

x^AMBRXAW  ••■        ••«        •«■        •■•        •• 

Foliated  Crystalline  Rocks. 

We  observe  a  certain  amount  of  reticence  in  assigning  any 
particular  age  (even  a  pre-Cambrian  age)  to  the  several  areas  of 
crystalline  schists :  and  there  is  justification  for  caution.  While 
Einahan,  in  1878,  remarked  that  '*  Rocks  older  than  the  Cambrian 
formation  are  not  known  in  Ireland"  ;  Hull,  in  1891,  observed  that 
**  Recent  investigations  have  conclusively  efttaNAV^Xi^^  NXi^  vnA&\««kR»> 
in  several  detached  areas,  of  repreaentaiWeft  ol  >i)ti«^^  \k\<^«»s\\ 
the  moat  ancient  of  ^nown  rook-groupB." 
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In  the  present  work  the  authors  inolnde  under  the  general  heading 
of  "Foliated  Crystalline  Kocks/*  granites  that  in  places  graduate 
into  gneisses,  varioas  schists,  micaceous  limestones,  and  grits,  all 
more  or  less  sheared  and  foliated.  Some  of  the  quartc-sohists  are 
very  like  that  gp*oup  known  in  the  Scottish  Highlands  as  "  moyne- 
schist " ;  hut  the  only  area  referred  to  as  Archaean  is  that  of  Pettigo, 
in  Donegal  where  the  homhlendio  and  grannlitio  gneisses  are 
grouped  with  the  ''old  gneiss"  of  the  north-west  Highlands. 
While  some  of  the  gneisses  are  foliated  granites,  others  appear  ta 
he  altered  grits ;  and  with  regard  to  age,  the  fact  is  that  the 
complex  masses  of  older  plutonic  and  metamorphic  rocks  have 
not  yet  heen  fully  investigated.  Limestones  yielding  forms  referred 
with  some  douht  to  Corals,  occur  interhedded  with  the  quartzites  and 
schists  in  Donegal ;  and  certain  shales  at  Fintown,  in  Ulster,  which 
occur  in  association  with  foliated  rocks,  have  yielded  markings  like 
Orftptolites.  Hence  it  is  as  yet  impossihle  to  say  what  infoldinge 
of  altered  sedimentary  and  fossiliferous  strata  may  occur  amid  older 
and  perhaps  pre-Camlirian  crystalline  schists. 

No  traces  of  the  old  trilohite-faunas  of  the  Camhrian  rocks  have 
yet  been  discovered.  These  rocks  in  Ireland  have  only  yielded 
few  and  doubtful  •  fossils ;  but  the  problematical  forms  named 
Oldhamia  are  regarded  as  of  **  probably  organic  origin." 

In  the  Silurian  rocks  the  task  of  following  out  the  zones  indicated 
by  Graptolites,  has  borne  good  fruit,  and  the  results  at  present 
attained  by  the  Geological  Survey  are  duly  indicated.  Palfeon- 
tological  evidence  has  thus  been  obtained  to  enable  more  definite 
correlations  to  be  made  with  the  English  and  Welsh  divisions  of 
the  Silurian  system. 

The  Dingle  Beds  and  Glengarriff  grits  are  grouped  with  the 
Lower  division  of  the  Old  Red  Sandstone,  and  this  is  conformable  to 
the  Upper  Silurian ;  while  the  Upper  Old  Red  Sandstone  (Yellow 
Sandstone  Series)  passes  up  conformably  into  the  Carboniferous  rooks. 

In  ascertaining  what  lias  been  done  with  regard  to  the  Lower 
Carboniferous  rocks,  and  their  relationship  with  the  Upper  Devonian, 
we  should  have  been  glad  of  the  names  of  some  of  the  common  and 
characteristic  species.  As  it  is,  genera  only  are  mentioned,  and  the 
vexed  subject  of  correlation  is  not  discussed. 

Of  the  newer  formations  but  little  need  here  be  said  ;  it  is 
interesting,  however,  to  note  that  the  **  Manure  Gravels"  of  Wexford 
are  considered  to  be  of  Pliocene  date,  though  newer  than  the  St 
Erth  Beds. 

The  Igneous  rocks  are  arranged  so  as  to  give  the  student  a  history 
of  volcanic  action  in  Ireland  from  the  earliest  times  to  the  great 
eruptions  -of  Tertiary  date.  Particular  accounts  are  given  of  the 
contemporaneous  or  interhedded  volcanic  rocks  that  lie  amid  the 
Foliated  Crystalline  rocks,  the  Lower  and  Upper  Silurian,  the  Old 
Red  Sandstone,  Carboniferous,  and  Lower  Tertiary ;  and  of  the 
intrusive  rocks  which  penetrate  all  formations  up  to  the  Lower 
Tertiary.  A  great  many  eTwi^WN^toOj^Vw^^^t  the  first  time  been 
examined  in  detail  and  deB0i\\>^^,  -nAtX^  %vyai^  q>\  V>cv^\xx  Vv^^  ^^-^vi 
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new  to  Ireland.  Contaofc-metamorphism  is  illustrated  by  the  effects 
produced  on  all  types  of  sediments  by  the  intrusive  dolerites  of 
Antrim. 

The  section  on  Fossils  contains  a  useful  general  account  of  each 
great  division  of  Plants  and  Animals,  and  a  summary  of  the  leading 
fossils  of  each  group  of  strata.  This  is  followed  by  a  list,  with 
references,  of  the  figured  and  type  specimens  of  fossils  in  the  Survey 
Collection.  A  brief  account  is  also  given  of  drawings,  photographs, 
maps,  and  sections  that  are  preserved  in  the  Museum  ;  and  the  work 
concludes  with  an  index  (under  numbers)  of  the  places  from  which 
the  rook-specimens  described  in  the  Guide  have  been  collected. 

V- — Gboloqioal  Papers  by  Edmund  Garwood,  M.A.,  F.G.S., 
in  Vols.  I  and  II  of  *'  A  History  of  Northumberland,''  issued 
under  the  direction  of  the  Northumberland  County  History 
Committee,  and  Edited  by  Edward  Bateson,  B.A.  (Newcastle- 
upon-Tyne  and  London,  1893-1895.) 

I  SHOULD  like  to  draw  the  attention  of  geologists,  and  more 
especially  of  those  among  them  who  are  interested  in  North- 
Country  Geology,  to  a  series  of  papers  by  Mr.  Edmund  Garwood 
which,  unless  they  are  historians  and  archaeologists  as  well  as 
geologists,  they  run  the  risk  of  missing  altogether. 

To  antiquarians  it  is  well  known  that  a  very  elaborate  History  of 
Northumberland,  on  a  very  large  scale,  is  in  course  of  publication  by 
a  learned  committee  having  the  seat  of  its  operations  at  Newcastle- 
npon-Tyue.  Of  this  great  work,  two  superb  quarto  volumes  of  the 
ten  or  dozen  intended  have  already  been  issued  to  subscribers,  and 
it  is  much  to  be  feared  that  many  who  would  wish  to  keep  abreast 
of  the  progress  of  British  geology  may  be  unaware  that,  buried  in 
the  mass  of  topographical,  'chronological,  and  genealogical  details 
which  necessarily  make  up  the  bulk  of  the  work,  there  are  a 
number  of  valuable  geological  chapters —much  too  valuable  to  be 
overlooked  without  loss. 

The  scheme  of  this  "History"  is,  unfortunately,  such  that  the 
chapters  in  question  are  not  consecutive,  and  refer  each  one  to  a 
particular  parish  or  group  of  parishes,  sometimes  anything  but 
adjacent  This  naturally  leads  to  a  considerable  amount  of  repeti- 
tion, the  disadvantage  of  which  is  perhaps  to  some  extent  counter- 
balanced by  a  certain  convenience  for  local  purposes  which  may  be 
conceded  to  the  plan.  This  criticism  apart — and  Mr.  Garwood  is  in 
nowise  responsible  for  the  lines  on  which  he  has  been  forced  to 
work — nothing  but  praise  can  be  meted  out  to  these  useful  and,  in 
several  cases,  important  additions  to  Northumbrian  geology. 

The  papers  are  distributed  as  follows : — 

Vol.  I.  The  Geology  of  Bamburghshire,  pp.  3-9 ;  The  Geology  of 
Bamburgh  Parish,  pp.  13-17;  The  Geology  of  Belford  Chapelry, 
pp.  357-362.  Appendix  I.  Beferenoes  to  Geological  Papers,  pp. 
417,  418. 

Vol.  II.  The  Geology  of  Embleton  Parish,  pp.  2-8 ;  TVv«>  G^ol^^ 
of  EUiagbam  PArish,  pp.  217-221 ;  The  GeoYo^^  ol  Taov«\0«w,\*vi\i% 
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Houghton,  and  Lesbary,  pp.  828-336.  Appendix  I.  Beferenoes  to 
Geological  Papers  (continued),  p.  496.  Appendix  II.  Sections  of 
Coal  Workings  in  the  Mountain  Limestone  Formation,  pp.  497,  498. 
Appendix  III.  View  of  Cullernose  Bay,  showing  janction  of  the 
Whin  Sill  and  Sedimentary  Rooks  (an  excellent  Photographic  Plate). 
Appendix  IV.  Coloured  Plate,  giving  the  details  of  the  Section 
from  Howick  to  Cullernose  Point  Appendix  Y.  Plate  of  Sections^ 
showing  sedimentary  rocks  associated  with  the  Whin  at  Ratohengfa, 
Little  Mill,  and  the  Harkess  Rocks,  (after  Tate  and  Lebour). 

It  will  be  seen  from  the  above  list  that  a  great  deal  of  ground 
has  been  covered  by  Mr.  Garwood,  and  it  should  be  added  that  he 
has  spared  neither  time  nor  trouble  in  carefully  going  over  every 
inch  of  it.  Though  thoroughly  master  of  all  that  had  been  pre- 
viously done  in  the  districts  described,  the  author  has  used  his  own 
judgment  in  all  cases,  and  has  added  largely  to  the  facts  already 
recorded  concerning  them.  More  particularly  I  would  call  attention 
to  his  interesting  discoveries  respecting  the  minerals  resulting  from 
con  tact- metamorphism  in  connexion  with  the  Great  Whin  Sill,  to 
what  is  probably  a  raised  beach  noticed  by  him  on  the  Howiok 
coast,  and  to  his  very  pertinent  and  suggestive  remarks  respecting 
the  Drift  deposits  that  form  a  marked  feature  in  much  of  the  country 
referred  to.  His  work  is  in  no  sense  a  compilation,  though  he  has 
in  every  instance  endeavoured  to  do  full  justice  to  previous  observers, 
but  is  the  result  of  honest  hard  work  such  as  any  field -geologist 
would  be  proud  of.  Under  these  circumstances  one  cannot  but 
regret  that  the  form  of  its  publication  should  be  likely  to  withdraw 
it  from  the  recognition  which  it  deserves. 

I  may  perhaps  express  a  hope  that  when  the  series  of  papers 
is  completed  tliey  may  be  issued  separately,  and  thus  rendered 
accessible  (which  at  present  they  certainly  are  not)  to  ordinary 
geological  readers.  G.  A.  Lebouh. 

VI. — Thb  Rubble-drift  and  Ossiferous  Brkooia  in  the  Island 

OF    PALMARIAt    AND    ON    THB    ShORES    OF    THB    GULF    OF    SPEZZIA. 

By  Professor  Giovanni  Capellini.     (Mem.  R.  Accad.  ScL  Istit. 
Bologna;  ser.  6,  vol.  iv,  1895.) 

IN  this  memoir  reference  is  first  of  all  made  to  Professor  Prestwich's 
various  papers  on  the  Rubble-drift  and  Raised  Beaches  of  Southern 
England  and  the  Northern  Coast  of  France,  in  the  Journal  of  the 
Geological  Society  of  London  and  the  Reports  of  the  British 
Association,  in  1861-65.  Professor  Capellini  then  alludes  to  the 
deductions  drawn  from  a  consideration  of  this  particular  Drift, 
especially  as  seen  at  Brighton  and  Sangatte,  and  given  in  the 
Bulletin  Soc.  Geol.  France,  1880;  and  to  the  conclusions  arrived  at 
by  Prestwich,  as  published  in  the  Philosophical  Transactions,  in  the 
Journal  of  the  Geological  Society,  and  Proceedings  of  the  Victoris 
Institute ;  and  of  late  published  in  a  separate  lH>ok  treating  of  the 
"  Tradition  of  the  Flood."  These  are  to  the  eflfect  that  at  the  above- 
mentioned  places,  and  eVaeTaVex^  \w  "W^^t^xw  Europe,  the  peculiar 
Drik   treated  of  beara  dvi^oV.  ^n\^^aiq»  oil  ^  ^^^x.  %\J^i\si«t^\vRft^ 
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followed  by  an  apheaval  of  the  land,  at  the  close  of  the  Glaoial 
period. 

Reyiewing  the  observations  formerly  made  by  Pareto,  De  la 
Marmora,  himself,  and  others  at  places  on  the  Italian  coast  and 
islands,  Prof.  Capellini  gives  the  result  of  his  visits  to  the  cave 
called  Gala  Grande,  in  Palmaria,  meeting  with  the  characteristic 
Bnbble-drift  strongly  developed.  He  adds  some  interesting  details 
of  the  discoveries  made  of  late  years  in  the  breccia  at  the  Grotta  dei 
Colorabi,  between  the  headlands  of  Pittonetto  and  Capo  dell*  Isola, 
in  Palmaria. 

In  1863  Prof.  Capellini  had  seen  this  Bubble-drift  lying  on  the 
local  limestone,  as  a  coarse  breccia  of  limestones,  jaspers,  etc.,  at 
Calandrella,  between  Pertusola  and  Santa  Teresa ;  but  had  regarded 
it  as  belonging  to  the  Triassic.  Also  other  coarse  breccia  near  Santa 
Teresa,  Pitelli,  and  Santa  Terenzo.  These  corrections  will  be  made 
in  the  explanation  of  the  geological  map  of  the  environs  of  Spezzia. 

On  the  east  side  of  the  Gulf  of  Spezzia  he  has  defined  the  limits 
and  height  of  the  Rubble-drift,  in  connection  with  the  small  masses 
of  ossiferous  breccia  of  Monte  Kocchetta ;  and  he  finds  that  it  covers 
the  highest  parts  of  the  Isle  of  Palmaria  or  southern  extremity  of 
the  west  side  of  the  Gulf.  The  range  on  the  east  side  was  probably 
submerged  for  more  than  200  metres  of  its  present  height  at 
the  end  of  the  Palsaolithic  period. 

Much  is  to  be  expected  from  a  close  examination  of  this  Bubble- 
drift  on  the  Italian  coasts  and  islands,  in  connection  with  the 
numerous  caves  and  bone-bearing  breccias.  Prof.  Capellini  fully 
adopts  Prestwich*B  views  as  to  the  nature  and  origin  of  the  Bubble- 
drift  ;  and  points  out  that  it  is  probably  the  same  singular  deposit 
of  which  several  geologists  have  noticed  traces  on  the  coasts  of  the 
Mediterranean,  and  of  which  Professor  Issel  (treating  of  the  Baised 
Beach  between  Arenzano  and  Cogoleto)  has  well  remarked  that 
'*  one  could  include  it  neither  among  the  alluviums,  nor  among  the 
marine  Quaternary  deposits." 

VII. — A  Gbolooioal  Enquiry  respbotinq  the  Water-bearing 
Strata  op  the  Country  around  London.  By  Joseph 
Prestwioh,  F.G.S.,  eta  8vo.  (London :  Gurney  and  Jackson, 
1851-1896.) 

AT  the  time  of  the  first  publication  of  this  work,  the  Lower  Green- 
sand  was  regarded  as  underlying  London,  and  as  a  possible 
source  of  water-supply.  Subsequently,  however,  the  deep  boring 
by  the  New  Biver  Company  at  Camden  Town  proved  the  contrary. 
A  large  plate  accompanied  a  partial  issue  of  this  book,  but  was 
accidentally  destroyed,  and  the  rest  of  the  printed  sheets  remained 
on  hand.  Since  that  time  it  has  been  proved  that  the  Palseozoio 
ridge  beneath  London  is  limited  in  its  extent  both  eastwards  and 
westwards ;  and  that  the  outcrop  of  the  Lower  Greensand  is  wide 
enough  to  receive  sufficient  rainfall  to  allow  of  its  yielding  a  good 
water-supply.  On  the  west,  favourable  looaUtiea  ar^  w^ax  ti««\.Wt- 
h&ad  and  Wiadsor,  and  in  the  Godalming  auCl  B\TkdXi»dJ^  ^\^\xv:X  ^6s^ 
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orifpnally  stated  ;  and  on  the  east,  in  the  neighbourhood  of  Shoreham, 
Strood,  Frindshury,  and  Lioughton.  Henoe  the  re-issue  of  this 
useful  work,  with  its  woodcuts  (without  the  original  plate),  and  with 
additions  by  the  author,  Professor  Prestwioh,  D.G.L.,  F.B.S.y  etc 

YIII. — The  Climates  of  the  Grologioal  Past  and  theib  Bblatioh 
TO  THE  Evolution  of  the  Sun.  By  Euo.  Dubois.  8vo,  pp.  167. 
(London:  Swan  Sonnenschein  and  Co.,  1895.     Prioe  Ss.  6d.) 

THIS  interesting  and  suggestive  little  volume  is  worth  reading, 
even  though  geologists  may  not  be  prepared  to  aooept  the 
author's  conclusions.  Leaving  out  of  account  subsidiary  questioos, 
his  argument  is  mainly  this  : — Starting  with  the  accepted  hypothesis 
of  a  cooling  sun,  he  suggests,  from  a  comparison  of  the  relative 
number  of  fixed  stars  in  each  class,  that  there  is  probably  a  rapid 
transition  from  the  "  white  '*  or  hottest  to  the  "  yellow  "  or  second 
stage,  and  a  more  gradual  transition  to  the  '*  red  '*  or  coolest  stage. 
He  then  alludes  to  the  evidence  of  long-continued  genial  conditions 
in  the  earth's  climate,  extending  apparently  with  little  change  from 
Carboniferous  to  Cretaceous  times.  This  genial  and  almost  change* 
less  period  he  correlates  with  the  "  white  "  stage  of  the  sun's  histoiy 
— when  the  sun  was  comparable  to  Sirius  or  Regnlus  in  the  ligbt 
and  heat  he  gave  out.  Then,  arguing  from  the  scarcity  of  transition 
stars  between  the  white  and  yellow  class,  he  thinks  that  there  came 
a  rapid  change  to  the  yellow,  or  Capella,  stage,  and  a  great  fall  in 
the  heat  radiated  by  the  sun ;  this  period  of  rapid  refrigeration 
being  represented  by  the  Tertiary  period,  with  its  fast  diminishing 
temperature.  At  the  beginning  of  Pleistocene  times  the  yellow  stage 
was  reached,  and  a  series  of  Glacial  and  inter-Glacial  epochs  set  in, 
corresponding  with  oscillations  of  the  sun  between  the  "yellow" 
and  the  "  red "  or  coolest  stage.  It  is  for  the  astronomer  and 
physicist  to  criticize  these  speculations;  but  to  the  mere  geologist 
it  seems  as  if  the  author  were  hurrying  things  on  rather  too  fast,  if 
we  must  accept  so  vast  a  change  in  the  condition  of  the  sun  as 
having  occurred  during  the  small  portion  of  geological  time  that 
extends  from  the  commencement  of  the  Tertiary  period  to  the 
present  day. 

For  a  second  edition  it  would  be  well  to  have  the  proofs  examined 
by  an  Englishman.  The  translation  is  usually  well  done;  but  one 
occasionally  comes  across  German  or  Dutch  idioms  which,  not  having 
the  original  by  us,  are  not  easy  to  comprehend.  Among  the  plants 
mentioned  we  find  "Cornelian"  (for  Cornel)  and  "wolfs*  claws" 
(given  as  a  living  plant  allied  to  Lepidodendron), 

IX. — Fauna  Fosil  db  la  Siekra  db  Gatorcb,  San  Luis  Potosi, 
por  Antonio  del  Castillo  y  Jose  G.  Aguilkra.  Boletin  de 
la  Comision  Geologica  de  Mexico.    No.  1.     (Mexico,  1896.) 

The  Fossil  Fauna  of  the  Sierra  of  Catorob,  in  San  Luis 
Potosi,  Mexico.     4to,  pp.  ix  and  55,  pis.  i-xxiv. 

THE  Sierra  of  Catotoe  \a  «^  ciot[v^^\«Xvn^\^  \Qolated  ridge,  abont 
10  leagues  in  lenglVi   a\\^  2^  Va  \i\^^\\^^  >w\^  ^  ^^Jss6^A»xA\kft 
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sammit,  which  is  elevated  1200  metres  above  the  plains  of  San  Luis. 
It  is  a  well-known  mining  area.  The  Sierra  consists  of  three  prin- 
cipal rock  divisions:  the  lowest  is  formed  of  altered  shales  or 
phyllites,  in  which  no  fossils  have  as  yet  been  discovered ;  the 
second  division,  which  is  rich  in  fossils,  is  built  up  of  arenaceous 
and  marly  shales;  whilst  the  upper  division  consists  of  a  shaly  lower 
portion,  and  over  this  compact  gray  limestones  with  nodules  and 
bands  of  chert  or  flint.  This  upper  division  contains  species  of 
Exogyra,  Lucinay  jPhylloceras^  and  Schloenhachia^  which  are  considered 
by  the  authors  to  represent  the  Aptian  and  Albian  stages  of  the 
Lower  Gi'etaceous. 

The  main  purpose  of  this  memoir  is  the  description  of  the  fossils 
of  the  second  division,  which  are  regarded  as  in  part  of  Jurassic 
age,  and  in  part  Cretaceous.  The  authors  subdivide  the  formation 
into  higher  and  lower  groups.  The  higher,  or  Cieneguita,  is  of  shales 
and  sandy  marls,  more  or  less  calcareous,  which  contain  no  fewer 
than  nine  species  and  varieties  of  Aucellay  together  with  Lytoeeras, 
Bp.n.,  FlacentieeraSf  sp.n.,  FulcheUia,  sp.n.,  and  Olcoatephanua,  sp.n. 
The  most  important  and  numerous  of  these  fossils  are  the  various 
specieB  of  bivalve  moUusca  of  the  genus  Aucella  which  are  inter- 
mingled in  the  different  strata  of  this  subdivision,  the  thickness  of 
which  altogether  does  not  exceed  five  metres,  whilst  in  Russia  five 
of  these  same  species,  according  to  Lahusen,  characterize  as  many 
different  zones  of  the  Upper  and  Lower  Yolgian  I  As  the  Mexican 
Beds  contain  as  well  a  form  of  Olco»tephanu$,  which  is  nearly  iden- 
tical with  O.  Astertanus,  D*Orbigny,  from  the  Neoconiian,  and 
a  species  of  I^ulchelUa,  a  genus  exclusively  Lower  Cretaceous,  the 
author  thinks  that  the  higher  group  with  Aucella  should  be  regarded 
as  Neocomian. 

The  lower  subdivision,  or  the  Alamitos  group,  consists  of  fine- 
grained  sands   and  argillaceous   shales.     It  contains  Rhynchonella^ 

2  sp.,  Terehratula,  2  sp.,  Waldheimia,  sp.n.,  Aucella  Dronni,  Cucullaa^ 
sp.n.,  Lucina,  2  sp.n.,  Cyprina,  sp.n.,  Gyprimeria,  sp.n.,  Goniomya,  sp.n., 
Pleuromya^    sp.n.,   Vermeifis'^  sp.n.,    Nautilus,    sp.n.,    Ehacophyllites, 

3  8p.n.,  HaploceraSy  3  sp.n.,  Perisphinclee,  16  species,  of  which  12 
are  new,  Olcosiephanus,  sp.,  Hoplites,  4  sp.n.,  Aspidocems^  sp.n., 
Apiyehus,  2  sp.,  and  Belemnites,  2  sp.  Eeviewing  the  affinities  of 
the  various  forms  in  this  group,  it  is  placed  as  Upper  Jurassic, 
probably  on  the  horizon  of  the  Kimeridge  and  Portland  Beds. 

The  descriptions  of  the  fossils  in  this  memoir  appear  to  have  been 
carefully  drawn  up,  but  the  figures  are  not  sufficiently  clear  to  allow 
of  any  safe  judgment  to  be  formed  as  to  the  characters  of  the  • 
species  they  are  intended  to  represent.  Tbis  is  the  more  unfortunate 
since  such  a  large  proportion,  more  particularly  of  the  Ammonites, 
are  described  as  new.  As  regards  these  latter,  it  may  be  remarked 
that  in  no  single  instance  are  the  suture-lines  figured,  and  as  they 
are  only  referred  to  in  one  or  two  cases,  it  may  be  supposed  that 
they  are  not  shown  in  the  type-specimens.  Again,  it  would  be 
impossible  to  discriminate  from  the  figures  tV\Q  N«bX\Q\x%  «^^^^<^  ^^ 
Aueella,  and  ualeaa  the  originals  show  tUe  a]^\^(^  c^[i'dXQj;2X«t%  0^<d»:c^x 
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than  the  figureSy  not  much  weight  will  be  placed  on  the  remarkable 
statementB  as  to  the  distribution  of  these  forms  in  the  Mexican  beds 
as  compared  with  those  in  Russia. 

This  memoir  is  an  important  contribution  to  the  Geology  of 
Mexico,  and  it  may  be  hoped  that  it  is  the  first  of  a  series  which 
will  make  known  the  geological  characters  of  that  country  in  detail 

G.  J.  H. 


REPLY  TO    PROFESSOR    HULL    ON    THE    GLACLAI>    DEPOSITS  OP 

ABERDEENSHIRE. 

Sir, — Anything  Prof.  Hull  writes  is  sure  of  respectful  attention 
in  many  quarters — not  least  in  that  part  of  the  West  of  Scotland 
where  he  laboured  during  an  early  stage  of  his  geological  career, 
and  where  he  still  has  some  good  friends.  From  the  lettered  retreat 
in  which  he  fitly  "  crowns  a  youth  of  labour  with  an  age  of  ease/* 
the  Professor  enyrges  (in  your  last  Number)  to  rebuke  and  exhort 
a  "  neo-glacialist "  for  his  errors  and  **  fanciful  views "  regarding 
non- submergence  and  the  Glacial  period.  May  the  heretic  be  allowed 
a  few  words  by  way  of  reply  ? 

The  Glacial  deposits  of  Aberdeenshire  consist,  it  may  be  repeated, 
of  the  following,  in  ascending,  t.e.  chronological,  order : — 

1.  Lower  Grey  Boulder-clay,  derived  from  the  rocks  of  the  district 

2.  Beds  of  Gravel  and  Sand,  with  water- worn  pebbles  and  frag- 
ments of  shells. 

3.  Upper  Red  Clay,  with  boulders  and  a  few  marine  forms. 

No.  1  is  admitted  to  be  the  moraine  profonde  of  an  ice-sheet  wbicli 
once  extended  seaward  from  the  mountainous  region  on  the  west 
The  only  questions  are  regarding  2  and  3.  Under  what  conditions 
were  they  formed  ?  Do  they  indicate  submergence  up  to,  or  some- 
what beyond,  the  highest  level  at  which  they  are  found  ?  Or  are 
they  also  due — under  certain  changing  conditions — to  land-ioe? 
The  answers  to  these  questions  are  various : — 

Dr.  Jamieson  says  No.  2  does  not,  but  No.  3  does  indicate  snb- 
mergenoe. 

The  Geological  Surveyors  say  No.  2  does,  but  No.  3  does  not. 

Professor  Hull  says  both  do. 

The  only  other  possible  view  is  also  held,  viz.  that  neither  indicates 
submergence. 

Now,  as  Dandie  Dinmont  used  to  observe,  "  that  makes  an  unco 
difference  " ;  and  in  such  a  divided,  not  to  say  disorderly,  state  of 
opinion  on  the  subject,  it  seems  hardly  fair  to  say,  or  imply,  that 
anyone  trying  to  throw  additional  light  upon  it  is  animated  by  an 
"  innate  love  of  change." 

After  laying  down  the  grand  "rational"  rule  or  principle  that 

**  deposits  differing  in  composition  and  structure  from   each  other 

sliould  have  been  formed  under  different  sets  of  conditions,"  Prof. 

Hull  goes  on  to  state  tV\e  **  eV\vV^ti\.  ^xi^iCi^^'exQkW  qC  conditions  "  of  these 

three  differing  supexVmpoft^Oi  ^vi^o«A\&  va.  ^^x^^^\2L^\Wi,^\a^\ 
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1.  "General  land  glaciation "  (admitted). 

2.  "Submergence  in  sea- waters "  (?). 

3.  "Continued  submergenoe"  (!). 

These  are  the  "different  sets  of  conditions"  for  the  "diversified 
forms  "  of  deposits  2  and  3  !  Of  course,  Prof.  Hull  may  explain  that 
other  conditions,  which  may  vary,  are  included  under  "submer- 
gence " ;  but  if  so,  he  must  allow  glacialists,  "  neo-"  or  otherwise, 
to  say  the  same  (with  as  much,  or  they  may  think,  more  reason)  of 
"  glaciation." 

We  shall  look  at  these  other  conditions  immediately.  Meantime 
it  seems  almost  sufficient  to  remark  that  Prof.  Hull  has  first  of  all 
to  settle  matters  with  Dr.  Jamieson.  That  careful  observer  con- 
cluded from  his  study  of  the  materials  of  these  deposits  (2  and  3) 
that  both  had  been  transported  by  northward-moving  land-ice. 
Prof.  Hull  seems  to  overlook  entirely  the  essential  facts  which  led 
Dr.  Jamieson  to  this  conclusion,  lliese  are :  firgt^  the  presence  in 
both  deposits  of  stones  foreign  to  the  district,  and  not  found  even  in 
the  Grey  Till  underneath,  but,  particularly  in  No.  3,  clearly  derived 
from  tracts  to  the  south;  secondly,  striations  on  rock-surfaces  con- 
firming this,  showing  first  a  local  glaciation  from  the  west,  followed 
by  a  more  general  one  from  the  south ;  and  lastly,  the  fact  that  the 
shelly  fragments  in  No.  2  were  largely  of  Crag  species — pre-Glacial 
forms — which  Dr.  Jamieson  accounted  for  by  inferring  that  the 
northward-moving  ice  had  "scoured  out"  some  area  of  the  Crag 
along  the  coast,  and  conveyed  the  materials  to  some  extent  north- 
ward and  inland  in  its  progress.  All  this  Prof.  Hull  overlooks. 
The  result  is  striking.  A  deposit  containing  fragments  of  Pliocene 
or  pre-Glacial  shells  and  pieces  of  "  yellow  limestone  and  calcareous 
shide  not  now  found  in  situ  in  Aberdeenshire,"  is  supposed  to  be 
due  simply  to  an  inter-Glacial  submergence  I — after  the  country  had 
been  swept  by  a  "great  ice-sheet,"  in  whose  moraine  profonde  no 
trace  of  such  rocks  or  organisms  can  be  found  ! 

Thus  it  becomes  evident  that  the  other  conditions  which  Prof.  Hull 
adds  to  submergence,  even  if  granted,  will  not  account  for  the 
deposits  in  question.  "Sand  and  gravel  brought  down  by  rivers 
from  the  adjoining  emergent  lands  "  could  not  contain  fragments 
of  rocks  not  found  there  either  in  situ  or  in  fragments,  and  of  which 
there  is  no  evidence  that  they  have  ever  been  there.  Then  Prof.  Hull 
supposes  that  the  "  continued  submergence  "  was  accompanied  by 
"  the  recurrence  of  cold  conditions  " — rather  a  violent  supposition, 
for  the  obvious  natural  tendency  of  submergence  (in  this  part  of 
the  world,  at  least)  would  be  in  the  opposite  direction,  towards 
milder  conditions  of  climate.^  But  granting  the  supposition  for 
a  moment,  it  is  clear  that  "  glaciers  occupying  the  higher  elevations  " 
could  not  produce  a  "Ked  Clay"  totally  iinlike  the  waste  of  the 
rocks  of  the  district  (as  Dr.  Jamieson  has  pointed  out),  nor  mingle 
that  clay  with  foreign  materials,  such  as  "  stones  of  a  volcanic 
nature  unlike  the  rocks  of  Aberdeenshire  or  the  North  of  Scotlacid  " 

'  See  this  Magazine  for  Sept.,  p.  40^. 
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but  resembling  tbe  matseB  of  trap  wbicb  occur  in  tke  Old  Bed 
of  Forfar  and  Kincardine. 

In  short  it  appears  that  the  faotci  of  the  case,  with  singnhr 
perversity,  resist  all  Prof.  Hull's  endeavours  to  place  them  under 
the  **  saut  water  I " 

Passing  from  this,  the  Professor  makes  the  following  remarkable 
statement :  "  I  would  observe  that  the  ioe  of  the  North  Sea . . . 
was  only  forced  over  the  land  while  the  North  Sea  was  blocked 
by  ice,  in  which  there  were  neither  shells,  star-finbes,  nor  probably 
seals.'*  Surely  Prof.  Hull  understands  that  in  all  such  cases  the 
contention  is  that  the  ice  has  transported  materials  formed  in 
the  sea-bed  before  it  was  so  blocked?  If  he  does  not  believe  in 
such  transport,  then  he  has  to  settle  matters  with  Sir  Arcb.  Greikie, 
Dr.  James  Geikie,  Messrs.  Peach,  Home,  De  Ranee,  Clement  Beid» 
Lamplugh,  and  many  others,  before  condescending  to  me  I  Or  are 
they  all  " nt*o-glacialists "  together,  and  alike  smitten  with  ''the 
innate  love  of  change  "  ? 

I1ie  Professor  speaks  as  one  standing  on  the  shore  of  troth,  and 
looking  out  over  a  sea  of  error,  of  "  the  confusion  which  has  arisen 
among  the  neo-glacialists  regarding  the  glacial  phenomena  of  the 
British  Isles."  It  seems  very  evident  that  the  sect  or  school  of 
geologists  referred  to  (whoever  they  may  be)  did  not  malre  the 
confusion,  but  only  found  it. 

As  Prof.  Hull  ends  by  quoting  part  of  a  private  note  from 
Dr.  Joseph  Prestwich,  I  may  also  close  with  a  sentence  from  tbe 
same  high  authority — a  sentence  which  may  well  be  taken  as 
a  guiding  light  in  all  discussions  on  this  subject.  In  bis  standard 
work  on  "Geology,"  speaking  of  those  slow  movements  of  the 
earth's  ciust,  of  which  the  latest  evidences  are  seen  in  our 
''  Eaised  Beaches,"  that  distinguished  author  sums  up  as  follows:— 
**  Continuous  for  long  periods  in  the  earlier  times,  and  productive 
of  settlements  to  be  measured,  in  Cambrian  and  Silurian  times, 
by  thousands  of  feet,  they  have  gradually  diminished  in  intensity 
and  power,  until,  in  the  later  geological  times,  those  great  slow 
continental  movements  became  limited  to  hundreds,  and  in  more 
recent  times  have  become  reduced  to,  so  to  speak,  tens  of  feet,  or 
to  a  state  of  comparatively  stable  equilibrium." — (Vol.  ii,  p.  625.) 

Glasgow,  ^th  October.  DuOALD    BeLL^ 

Postscript, — I  have  omitted  to  notice  Prof.  Hull's  remark  on  the  little  sketfk 
map  in  my  paper  in  the  Quarferlt/  Journal  for  Augrust.  He  sayH — **  On  comparing 
the  lines  of  the  icti-movement  with  the  arrows  given  by  Prof.  James  Geikie  in  tbi 
*  Gnjat  Ice  A^e,*  tliey  are  almoHt  always  at  right  angles  :  both  cannot  be  correct." 
This  is  very  astonishing.  I  wonder  what  map  Prof.  Hull  has  been  looking  at? 
liot  the  reader  judge  for  himself  by  turning  to  the  map  of  the  **  British  Islrt 
during  the  Epocli  of  Maximum  Glaciation'*  given  by  Dr.  Geikie  at  p.  69  of  the 
work  referre<f  to.  There  he  will  see  the  lines  of  ice-movement  running  up  along 
the  Aberdeenshire  coast,  and  cuning  round  to  N.W.  across  the  Moray  Firth,  and 
over  the  northern  part  of  Caithness,  as  I  have  shown  them.*  Of  course  it  is  th« 
recent  cnlition  of  Dr.  Geikie's  work  that  is  referred  to.     Can  it  be  that  Prof.  HuD 

'  Anyone  wishing  conftrmftlioTv  oi  this  may  also  turn  to  CrolPs  map  of  the 
Jce-Sheet  in  North-weateni  "Euxo-oe,  m  ''  C\\W\ft  vk.w$k.Tvwv^r  w  \ft  §vr  A.  Geikie'a 
map  oi  the  glaciation  in  Viia  wd\-Vuwi\i ''  ^<i«vvfcT^  wAv^^viVi^  q,\  '^^ivi^^3MAr 
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has  been  founding  his  remark  on  the  old  map^  in  the  first  or  second  edition  of  that 
work,  showing  only  the  earlier  ^laciation  on  land,  and  not  at  all  the  subsequent 
ice-movement  along  the  coast  P  In  any  case,  as  Prof.  HuU  seems  to  throw  doubt 
on  one^s  accuracy  in  the  matter,  it  becomes  necessary  to  point  out  that  the  mistake 
ia  entirely  his  own,  as  doubtless  he  will  readily  acknowle^e. 


THE  AGE  OF  THE  RHY0LITE8   OF  COUNTY  ANTRIM. 

Sir,  —  The  "  Prooeedings  of  the  Geologists'  Association "  for 
August,  1895  (vol.  xiv,  p.  152),  contain  a  communication  made  by 
myself  to  Mr.  R.  Lloyd  Praeger  respecting  the  probable  contem- 
poraneity of  the  rhyolites  of  county  Antrim  and  the  granite  of  the 
Mourne  Mountains.  This  statement  was  based  on  notes  made  by 
me  early  in  the  year,  and  I  had  learned,  from  conversation  with  Mr. 
W.  W.  Watts,  that  similar  views  were  current  among  the  members 
of  the  staff  of  the  Geological  Survey  of  Ireland.  Hence  the  form 
in  which  Mr.  Praeger  utilized  the  information  sent  to  him. 

I  wrote,  however,  in  June,  before  I  had  received  my  copy  of  the 
Gbologioal  Magazink  for  that  month,  and  hence  Mr.  McHenry's 
clear  statement  of  his  belief,^  though  by  that  time  published,  was 
not  directly  referred  to.  As  soon  as  I  read  his  paper,  I  forwarded 
an  account  of  it,  and  a  withdrawal  of  any  reference  to  myself,  to 
Mr.  Praeger,  who  revised  the  amended  sentences  on  his  proofs ;  but 
the  correction  appears  to  have  been  overlooked  in  the  press  of 
business  connected  with  a  summer  excursion  of  the  Association. 
I  make  this  explanation,  since  the  passage,  as  publitthed  in  August, 
is  distinctly  unfair  to  Mr.  Mcllenry*s  paper,  which  has  thrown  such 
light  upon  the  question.  Gbenvillb  A.  J.  Golb. 

ROTAL   COLLBOB   OF   SciBNCB   FOB  IrBLAMD, 

Dublin;  Oetober  13M,  1895. 


ROBERT   FITCH,    F.S.A.,    F.G.S. 

Born  Octobbr  21st,  1802.  Dibd  Apuil  4tu,  1895. 

GvoLOGT,  like  other  branches  of  Natural  History,  has  owed  much 
of  its  progress  to  the  zeal  of  collectors.  Of  these,  one  of  the  most 
painstaking  and  successful  was  the  late  Robert  Fitch,  who,  in  addition 
to  a  most  valuable  collection  of  antiquities,  had  gathered  together 
a  very  fine  series  of  fossils  from  the  Crag  and  Chalk  of  Norfolk. 
He  was  bom  at  Ipswich,  on  October  21st,  1802,  educated  at  the 
Grammar  School,  and  apprenticed  to  a  chemist  and  druggist  in  the 
town.  Pursuing  this  occupation  he  settled  in  Norwich,  in  1827,  in 
partnership  with  Mr.  Sherifif  Chambers,  and  continued  until  he  was 
over  90  years  of  age  to  take  an  active  interest  in  business.  From  an 
early  date  he  took  great  interest  in  fossils,  and  his  specimens  were 
always  at  the  service  of  those  engaged  in  palseontological  studies. 

He  seldom  wrote  on  geological  subjects,  his  chief  literary  con- 
tributions being  to  the  *'  Transactions  of  the  Norfolk  Archaeological 
Society."  In  1836,  however,  he  communicated  to  the  Geological 
Society  an  account  o{  the  discovery  of  the  \oo\\i  ol  %i  "!&.%s\a^W!w  vcv 

'  "On  the  Age  of  the  TrachyUc  Rocks  of  Antrim;'  Giaoi-.U^^i.  \^^b^^.1SA. 
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tbe  Cra^  at  Thorpe,  near  Norwich ;  and  in  1840  he  sent  to  the 
''  Magazine  of  Natural  History "  a  '*  Notice  of  the  existence  of 
a  distinct  Tube  within  the  hollows  of  the  Paramoudra."  In  later 
years  he  announced  before  the  Norwich  Geological  Society,  the 
finding  of  Deer's  antlers  in  the  re-deposited  Chalk  at  Hartford 
Bridges,  near  Norwich  ;  and  also  the  discovery  of  Flint  Iraplemeuts 
in  the  valley  of  the  Little  Ouse.  His  fine  collection  is  placed  ia 
a  special  room  in  the  new  Museum-buildings  at  Norwich  Castle. 
He  died  on  April  4th,  1895,  in  the  93rd  year  of  his  age. 

JOHN    ELLOR    TAYLOR,    Ph.D.,    F.L.S.,    Era 
Born  Sxptbmbbb  218T,  1835.  Dibd  Sbptbmber  28th,  1895. 

As  an  enthusiastic  lover  of  Nature,  and  a  {popular  ezp<ment  of 
Geological  and  Botanical  Science,  Dr.  Taylor  did  much  to  arouse  in 
others  an  interest  in  Natural  History  subjects.  The  son  of  the  fore- 
man of  a  cotton  factory,  he  was  l>om  at  Levenshulme,  Manchester, 
and  was  employed  in  early  years  in  the  railway- works  at  Crewe. 
Developing  a  taste  for  literature  and  science,  be  read  largely, 
cultivated  a  facile  style  of  writing,  and  became  a  contributor  to 
a  Manchester  paper.  His  leisure  hours  were  devoted  to  Greology, 
and  in  his  first  work,  "Geological  Essays"  (1864),  he  gave  a  sketch 
of  the  geology  of  Manchester  and  its  neighbourhood.  About  the 
year  18G2  he  settled  in  Norwich,  as  a  sub-editor  of  the  Norwich 
Mercury,  and  stirred  up  much  interest  in  the  geology  of  the  country 
round  the  old  city.  He  drew  attention  to  the  disturbed  Chalk  at 
Whitlingham,  Swainwthorpe,  and  other  places;  he  pointed  out  the 
diiferenees  in  the  Mollusca  preserved  in  the  two  shell-beds  in  the 
Norwich  Crag  at  Bramerton  ;  a!id,  in  conjunction  with  the  late  John 
Gunn,  he  established  the  Norwich  Geological  Society,  which  is  now 
incorporated  with  the  Norfolk  Naturalists*  Society.  Before  these 
local  Societies,  and  before  the  British  Association,  the  results  of  his 
geological  observations  were  brought;  and  records  of  his  work  are 
])rinted  in  the  earlier  volumes  of  the  Geological  Magazine.  In 
186G  he  published  a  little  introduction  to  Geology,  entitled  "Litho- 
graphs," and  subsequently  other  popular  works  on  Natural  History 
flowed  from  his  pen.  In  1872  he  was  appointed  Curator  to  the 
Ipswich  Museum,  a  post  from  which  he  retired  through  ill-health 
al)ont  two  years  ago.  He  contributed  a  capital  **  Sketch  of  the 
Geology  of  Suffolk  "  to  White's  History  of  the  County  ;  and  for 
many  years  he  was  Editor  of  Science  Gossip,  His  Science  Lectures 
at  Ipswich  and  elsewhere  were  widely  appreciated,  and  of  late  years 
he  was  a  strong  advocate  of  the  search  for  Coal  in  East  Anglia. 

Dr  J.  E.  Taylor  was  present  in  the  Geological  Section  of  the 
British  Association  at  Ipswich  in  September  last,  and  s^ioke  on  the 
tjubject  of  the  deep-boring  in  search  of  coal  at  Stutton  ;  and  definitely 
stated  his  opinion,  that  though  unfavourable  to  the  anticipations  and 
hopes  of  himself  and  others,  he  believed  that  the  boring  bad  brought 
up  a  sample  of  the  Yoredale  Shales  below  the  real  Coal-measures. 

ERBATUM.—On  p.  472,  October  Number  Geol.  Mao.,  line  17  from  top  of  ^^ 
for  Geniiormes  read  Gi*ui/oi*me«. — IS^uvt.  ^'ft^^i*.  "^Ka. 
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I. — Notes  on  thk  Phtlogbmy  of  the  Oraptolitbs. 
By  Prof.  H.  A.  Nicholson,  M.D.,  D.Sc.,  and  J.  E.  Mabr,  M.A.,  F.R.S. 

SINCE  the  remarkable  paper  by  Profeeeor  Lapworth  "On  an 
Improved  Classification  of  the  Rbabdophora"  was  published 
in  the  Gsolooioal  Maqazinb  for  1873,  a  great  deal  of  fresh  in- 
formation has  been  gathered  as  to  these  interesting  fossils ;  but 
the  classification  given  in  that  paper,  though  to  some  extent  con- 
fessedly artificial,  is  still  generally  adhered  to.  Observations  made 
by  the  authors  in  recent  years  lead  them  to  suppose  that  that  clsissi- 
fication  will  in  the  future  undergo  considerable  modification;  but 
in  the  present  state  of  our  knowledge  it  serves  a  purpose  so  useful, 
that  it  is  not  our  intention  to  propose  any  immediate  change  in  it. 
Our  object,  on  the  other  hand,  is  to  bring  forward  certain  con- 
clusions which  we  have  independently  reached,  and  which  will, 
we  believe,  enhance  the  value  of  Graptolites  to  the  stratigraphical 
geologist,  and  lead  to  results  important  to  the  biologist.  Our  con- 
clusions are  based  upon  an  examination  of  a  large  number  of  forms 
generally  referred  to  the  family  Dichograptidas ;  but,  as  we  propose 
very  briefiy  to  indicate,  they  affect  the  relationships  of  Graptolites 
belonging  to  other  families  also. 

In  general,  the  number  of  stipes  possessed  by  Graptolites  has 
been  looked  upon  as  a  character  of  prime  importance;  indeed,  many 
of  the  genera  are  based  essentially  on  their  posseHsion  of  a  certain 
number  of  stipes,  as  for  example,  LoganograpiuB,  Tetragrapius,  and 
IHdymoyrapius.  Again,  the  "  angle  of  divergence ''  of  the  stipes 
has  been  considered  an  important  factor  in  the  diagnosis  of  families. 
As  regards  this  latter  point  however,  the  existence  of  a  form  like 
Didymograptua  gihherulus,  Nich.,  in  which  the  angle  of  divergence 
is  over  180^,  whilst  the  other  characters  are  those  of  a  true  Didymo* 
grapiuM,  shows  that  this  angle  is  not  of  primary  importance  in 
separating  the  major  divisions  of  the  sub-class  Graptolitoidea.  On 
the  other  hand,  we  have  been  led  to  believe  that  a  character  of 
really  essential  importance  in  dealing  with  the  classification  of  the 
Graptolites,  and  one  which,  in  all  probability,  indicates  the  true 
line  of  descent,  is  to  be  found  in  the  shape  and  structure  of  the 
hydrothecsB. 

In  the  more  ancient  types  of  Graptolites  the  hydrothecas  are 
comparatively  simple,  differing  little  from  the  initial  sicula,  except 

DBOABB  IT. — ^VOL.   H. — ^KO.   XU.  ^^ 
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in  the  foot  that  the  proximal  apertnre  gives  oonoMtioii  with  tbs 
ocenoaaro.'  Among  these  fortna  there  are  three  more  importut 
types  of  hydrothecie.  In  one  group,  the  hjdrothecs  are  narrow 
■lid  atraight,  the  neighbouriag  oells  barely  overlapping,  or  not 
overlapping  at  all,  while  the  aperture  is  straight,  and  is  nnuUf 
at  right  angles  to  the  back  of  the  stipe.  In  a  second  group,  the 
hydretbecsB  are  also  straight,  bnt  overlap  to  a  marked  extent,  wbih 
the  aperture  is  straight,  and  is  at  right  angles  to  the  back  of  the 
Group  1.  Oaocp  3. 

BRYOGRAPTUS  B.r&raosus 

Callavei 


stipe  or  at  right  angles  to  the  hydrotheore.  In  a  tliird  group,  tba 
hydrothecffi  are  curved,  narrow  at  their  bases  and  widening  towardt 
their  mouths,  while  the  aperture  is  curved,  and  ils  upper  lip  ia 
ueuaily  prolonged  into  a  pointed  process  or  epiue.  la  oontiast 
with  the  comparatively  simple  hydiothecte  of  ihe  older  typos  of 
Graptolites,  we  find  later  types,  such  as  Dieelhgraptua,  Dieratit- 
graptui,  aod  more  es'pwivaW^  Mo*oqTOLipu«,^T«T«.UY  characterized  by 
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hydrotheo»  whioh  are  |nnoh  more  oomplex,  and  which  exhibit  ^ 
marked  modifioations  of  the  primitive  sioula. 

Taking  the  above  facts  into  consideration,  we  find  reason  to  < 
dade  that  the  character  of  the  hydrothecse  is  the  most  imporl 
point  to  retain  in  view  in  separating  different  families  of 
Graptolitoidea.  Taking  any  group  of  forms  with  hydrothecse 
a  similar  character,  we  believe  that  the  next  most  important  p< 
to  consider  as  indicating  genetic  relationship  is  the  ''angle 
divergence."    On  the  other  hand,  the  number  of  stipes  in 

Group  2. 

BRYOGRAPTUS      retroflexus 


TeTRAORAPTUS     denticulatus 


DiDYMOGRAPTUS      fasciculatus 


polypary  is  a  character  of  minor  importance ;  since  we  thinl 
can  be  shown  that,  separating  Qraptolites  into  groups  characteri 
by  their  hydrothecsB,  the  different  groups  will  in  many  cases  exb 
a  series  of  parallel  modifications  as  regards  the  number  of  stipei 
the  polypary,  the  older  forms  of  the  group  being  the  more  comp 
and  the  later  forms  undergoing  reduction  as  regards  this  partici 
Our  views  may  be  best  illustrated  by  reference  to  fonns  belong 
to  the  "  genera  "  Bryograptua,  Dichograptua,  Tetragraptus,  and  D 
mograptttSy  the  appearance  of  which  in  time,  m  \.Yl^  ^qn^  %^q^< 
is  indicated  by  stnitigrapbical  observationa. 
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In  oor  illastrations  we  show  nine  epeoiee  tjf  Ttiragrapim ;  and  wa 
are  not  acquainted  with  any  others  which  have  wiUi  certainty  been 
referred  to  this  genua,  except  T.  olaftw.  Hall,  which  ie  only  known 
from  examples  in  Tory  bad  preservation.  Eight  of  the  TetragrapH 
are  represented  by  forms  of  DidifWMgrapiH$  which  are  closely  com- 
parable with  them  as  regards  the  characters  of  the  hydrothece 
and  the  amount  of  the  angle  of  divergence;  whilst  the  ninth 
{TetragraptuB  deniieulatuB,  Hall)  is  comparable  with  DidfWkograptu 

Oaoup  4. 

DiCHOQRAPTUS     octonarius 


TeTRAGRAPTUS      serra 


DiDYMOGRAPTUS     arcuatus 


fasctculaiusy  Nich.,  as  regards  the  angle  of  divergence,  though  the 
characters  of  the  hydrothecae  of  the  two  differ  considerably  in 
minor  points.  Moreover,  four  of  these  four-branched  Tetragrapti 
are  represented,  as  regards  the  characters  of  the  hydrothecao  and 
the  amount  of  the  angle  of  divergence,  by  forms  of  Dirhograptut 
or  Bryograpttu,  with  eight  or  more  branches,  and  a  fifth  by  a 
Bryogra'piu%  which  a^;reeft  in  the  amount  of  the  angle  of  divergence, 
though  tlie  hydrolViecaB  ^\^^t  vci  xoATv^yc  y^\w\.^  Cwvvddering  tba 
amount  of  uu worked  maVftT\«\^V\0(i^^V\i^Hi  NaXi^xxsL^-^ANKw*^^^ 
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the  case  of  the  "genvnt"  IXekograftu*  and  Bryograpttw,  we  con- 
fideutly  predict  the  disoover;  of  fonni  of  tliese  or  allied  "genera" 
wbioh  wilt  agree  with  the  four  remaining  TelragrapU  as  regarils  the 
aboTe-mentioDed  oharaotera. 

Talcing  the  series  shown  in  onr  illustrations  in  order,  we  find  the 
following  points  of  agreement  in  the  niembera  of  each  group  of  tlia 
series,  the  chief  or  only  points  of  difierenoe  being  iu  the  number  of 
stipes  in  the  polypary, 

Obovp  7.  Gnoi'P  6. 

Tetragraptus  Tetragraptus 

crucifer  Headi 


DIDYHOGRAPTUS  DiDYHOGRAPTUS 

pennatulus  V-f  ractus 

(1)  Gronp  oontaining  Bryograptui  Callaeei,  Lapw.,  Tetragraplui 
Sicluii,  Lapw.  and  Hopk.,  and  Didymograptiu  a^au,  Nich.  In  tliis 
gronp  the  stipes  are  narrow,  and  the  hydrothecte  are  of  Ihe  rect- 
angular straight  type,  and  are  in  contact  only  or  overlap  very  slightly; 
while  the  angle  of  divergence  is  about  9Cf°.  (This  latter  feature  is 
not  quite  clear  in  the  oase  of  Tetragraplat  Eiektii.)     (See  p.  630.) 

(2)  Group  containing  Bryograptug  relTofiexKt,  Briigger,  Telra- 
grapitu  dentieulalut.  Hall,  and  Sidj/mngrapla,*  jVLsucul<i,tu.»,  ^>aV.  Vtw 
this  groap  the  angle  of  divergenoe  U  QOttTV^  \^RP  wv  'Ona  "^xa^M^ii- 
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pnrt  of  the  polypary,  the  stipes  onrving  backwards  and  then  beoommg 
straighter  in  the  distal  portion ;  while  the  hydrothecae  overlap,  and 
are  variable  in  form.     (See  p.  531.) 

(3)  Group  containing  Bryograpius  ramosus,  Brogger,  Teiragraptu 
fruticoaus,  Hall,  and  Didymograptua  Murchia&ui,  Boeck.  In  this 
group  the  angle  of  divei^enoe  is  less  than  4B°,  the  stipes  being 
sub-parallel  in  the  distal  portion  of  their  oourse ;  while  the  hydro- 
theciB  are  of  the  straight  type,  with  straight  apertures,  and  overli^ 
one  another.     (See  p.  530.) 

(4)  Group  containing  Bichograptus  ocionarivs.  Hall,  Teiragraptm 
aerra,  Brongn.  (=7*.  bryonoidea.  Hall),  and  Didymogrnptua  arcuatuif 
Hall.  In  this  group  the  angle  of  divergence  is  over  IBCP;  the 
stipes  are  curved,  and  the  hydrothecas  overlap  and  have  curved 
apertures.     (See  p.  532.) 

Group  5. 


Dichograptua  octohrachiattia. 

(5)  Group  containing  Dichograptua  ociohrachiatnay  Hall,  and  D, 
Sedgwickiit  Salt.,  with  Tetragrapiua  Fleadi,  Hall,  and  Didymograptus 
W'fractua,  Salt.  In  the  forms  of  this  group  the  stipes  are  very 
similar  in  character,  all  giving  indications  of  the  broken  V-curve; 
wliile  the  hydrothecaB  have  straight  apertures.     (See  also  p.  633.) 

(6)  Group  containing  an  unknown  Dichograpttia,  Tetragraptta 
liigshyij  Hall,  and  Didymograptua  gihberulua,  Nich.     (See  p.  635.) 

In  this  group  the  angle  of  divergence  is  over  180^;  the  stipes 
are  broad  and  sub-parallel  in  the  distal  portion  of  the  polypary; 
and  the  hydrothecas  are  deep  and  curved,  with  curved,  niucronate 
apertures.     (See  Nicholson,  Ann.  and  Mag.  Nat.  Hist.  1875,  p.  271.) 
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(7)  Grnnp  oontaEning  an  unknown  Diehot/raptiu,  Tttragraptua 
erHci/er,  Ha)],  and  J)idgmograptut  pmnatalug.  Hall.     (See  p.  533.) 

Jn  this  gronp  tlt«  angle  of  divergence  is  at  first  less  tiian  180°, 
bnt  the  stipea  (in  each  pair  of  the  Telragmptat)  are  finally  plaoed  in 
the  same  otraigbt  line.  The  stipes  are  broad,  and  the  liydrot)iec» 
are  inclined  at  a  hif;h  angle  to  the  line  of  the  back  of  the  etipe, 
and  overlap  one  another. 

(8)  Group  oontaining  an  unknown  Dichograptut,  Telragrapliu 
guadribrachialits.  Hall,  and  Didymograptut  exlentiu.  Hall.  (See 
p.  536.)  In  this  group  the  angle  of  divergence  is  under  180°,  the 
elipes  (of  each  pair  in  the  Tetragrapliu)  are  in  the  same  straight  line. 
The  liydrothecee  are  of  the  straight  type,  with  straight  cell-aperturea. 

(9)  Group  containing  an  unknown  Biehograptm,  Teiragrapint 
approzimutiu,  Nich.,  and  Didymograptttt  nitidm.  Hall.  (See  p.  537.) 
In  this  group  the  angle  of  divergence  is  under  180° ;  the  stipes  are 
carved  in  their  proximal  portion  and  afterwards  placed  in  the  s 
straight  line  (each  pair  in  the  case  '  '  ~ 
are  narrow,  and  the  bydrotbecte  an 
apertures. 

Gbocp  d. 


Tetragraptus 

Bigsbyi 


of  the  Telragrapliu).     The  stipes 
>  of  tbe  straight  type,  with  straight 

Ohouf  6. 
■    DiDYMOGRAPTUS 

g-ibbcrulus 


>^  u 

It  mnst  not  be  supposed  that  in  all  of  tbe  above-mentioned  groups 
the  nearest  four-branched  form  to  tbe  corresponding  eight-branched 
one,  or  the  nearest  two-branched  form  to  the  corresponding  four- 
branched  one,  has  been  actually  selected.  For  inetanoe,  in  tbe  cuse 
of  tbe  second  group,  tbe  hydrothecaa  of  Didyiaograptnt  /atcieulatus, 
Kicb.,  are  very  different  in  some  respects  from  those  of  Tetragraptus 
denlieulaluB,  Hall,  and  Bryograptua  rttrofiexia,  Briigger.  We  believe, 
however,  that  in  such  cases  other  forms  will  ultimately  be  found 
which  will  remove  this  discrepancy.  It  is  probable  that  a  whole 
group  of  species  sprang  from  an  earlier  form  which  poasesned  a  greater 
number  of  branoiies  than  its  descendants.  Thus,  the  whole  series  of 
the  "  tnning-fork  "  Didymograpli—ih^  Marehitoai  group— is  generally 
admitted  to  form  one  group,  and  we  believe  that  all  tbe  species 
included  in  that  group  have  sprung  from  Tetnigraptut  frulico»ui. 
Hall.  Many  of  the  species  of  this  group  of  J)idi/mograpti  agree 
much   more    closely   with    Telragraptut  fruticotat   as   regards  tbe 
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ohantotera  of  the  hydrothec»  than  does  2>.  MmrckUom,  and  we  1iat8 
figtireii  this  latter  simply  because  it  is  so  well  known.  Again,  it  it 
quite  oonceivable  that  a  DidymograptuM  which  from  its  general  shape 
would  be  placed  in  the  MurekiMni  group,  might  show  hydrothecB 
entirely  different  in  character  from  those  of  Tetragraphu  frmiicomu, 
and  might  thus  be  shown  to  have  descended  from  an  altogether 
different  type  of  Tetragraptus.  That  the  Lidymograpti  were  divisible 
into  groups  has  long  been  known ;  and  in  1885  Otto  Hermann 
suggested  (Die  Graptolithenfamilie  Dichograptidas,  Lapw.)  six  such 
groups,  the  types  of  these  being  respectively  DidymograptuM  paitdm, 

Gaorp  8. 

Tetragraptus  quadribrachiatus 


DiDYMOGRAPTUS     extensus 

Hall,  D,  Mnrchisoni,  Boeck,  D,  fascicuJatus,  Nich.,  D.  pennntuhiSf 
Hall,  D,  affinisy  Nich.,  and  D,  V-fraclus,  Salt.  Some  of  these 
groups,  aa  before  remarked  in  the  case  of  the  Murchisoni  series, 
are  certainly  natural,  while  others  will  most  likely  be  ultimately 
re-divided  and  will  undergo  a  redistribution  of  their  contained 
species.  Each  group,  however,  will  probably  be  found  to  present 
clope  aflSnities  to  one  particular  species  of  Tetragraptus, 

Jt  is  very  difficult  to  vmderstand  how  the  extraordinary  resem- 
blances between  t^ie  \av\o\\ft  %^^<i\^^  c>l  TeUa^Ta^Vu^  "Six^d  Didifmo' 
grn%»i*f  have  arisen,  \5,  aa  xjiawaW'^  ^xi-^'^^i^^^,  ^ 'v^ia  «^^^si^  ^\  •^^stRk 
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genera  have  desoended  from  a  common  ancestral  form  for  each 
genus,  in  the  one  case  fourrbrancbed,  in  tbe  otber  case  two-brancbed. 
On  the  other  hand,  it  is  comparatively  easy  to  explain  tbe  more  or 
less  simaltaneous  existence  of  forms  possessing  tbe  same  number  of 
stipes,  but  otherwise  only  distantly  related,  if  we  imagine  them  to 
be  tbe  result  of  the  variation  of  a  number  of  different  ancestral  types 
along  similar  lines.  And,  indeed,  similar  pbenomena  have  been  shown 
to  exist  in  other  groups  of  organisms.  Thus,  in  a  paper  on  **  The 
Bajocian  of  tbe  Mid  -  Cotteswolds,"  published  in  the  Quarterly 
Journal  of  tbe  Geological  Society  for  August  1895,  Mr.  Buckman 
gives  reasons  for  supposing  that  ''genetic  observations  on  Brachi- 
opoda  indicate  that  biplicate  Terehrattila  are,  at  any  rate  in  tbe 
Jurassic  ix>cks,  independent,  or  beterogenetic,  bomoBomorpbous  deri- 
vatives of  non-plicate  forms.  The  method  of  nomenclature  hitherto 
adopted  rather  tends,  however,  to  confuse  these  biplicate  forms 

Group  9. 


TETRAGRAPTUS      approximatus 


DiDYMOGRAPTUS       nitidus 

together,  either  as  tbe  same  species,  or  as  varieties  of  one  another— 
and  they  are  often  difficult  to  distinguish — and  totally  overlooks 
their  relationship  to  the  non-plicate  forms  (from  which  they  appear 
easily  separable),  thus  ignoring  their  genetic  affinities  altogether." 
Tbe  same  authority  further  remarks  that  "  analogous  cases  of  the 
beterogenetic  development  of  similar  but  entirely  unrelated  forms 
are  well  known  among  Ammonites.  Mojsisovics  has  called  such 
cases,  between  non-conteiuporaneous  Ammonites,  '  heterochronous 
convergence.' "  The  conclusions  which  Buckman  has  reached  as 
regards  "species"  of  Brachiopods  and  Ammonites  appear  to  us  to 
be  applicable  to  "genera"  of  Qraptolites. 

Following  our  inferences  concerning  the  relative  value  of  the 
form  of  the  bydrothecaB  and  the  amount  of  the  angle  of  divergence 
to  their  legitimate  conclusion,  we  may  observe  that  when  the  angle 
of  divergence  reaches  360°,  so  that  the  stipes  of  the  polypary 
coalesce  by  tbe  whole  of  the  dorsal  surface,  as  in  the  members  of  the 
confessedly  artificial  families  Diplogvaptidia  atvd  PW^Wo^w^XJA^k^V^Rk 
iruo  relationships  of  the  members  of  theae  ^^  iam^v^^'^'^  \»^  ^ti^  vc^^'^'c^^ 
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may  be  more  remote  than  those  to  members  of  some  other  family. 
Q^hiiR,  Hall  (Qrapt.  Quebec  Group,  pi.  xvi,  fig.  26)  figures  a  form 
of  Teiragrapiua  which  he  refers  to  2.  Bigahifi,^  in  which  the  apices 
of  the  stipes  are  in  contact,  and  remarks  that  "it  is  difficult  to 
soparate  such  forms  from  PhyVograpiuBJ*  In  fact,  having  examined 
many  specimens,  we  are  disposed  to  suggest  that  this  form  is  truly 
intermeidiate  between  Tetragrapti  of  the  Bignhyi  type  and  Phpllo- 
grapiuB, 

Furthermore,  as  the  unilateral  Monograpti  are  related  to  the 
bilateral  DiplograpH  through  Bimorphograptus,  the  same  reasoning 
applies  to  these;  and  the  single  genus  Monograptus  may  contain 
descendants  of  more  than  one  "family."  This  would  account  for 
the  great  diversity  in  the  character  of  the  Monograptid  hydrothecas. 
Many  Monograpti  possess  hydrothecas  resembling  those  of  pre- 
existing Diplograptidsd.  whilst  one  well-known  species,  Jtf.  argutui, 
has  hydrothecfB  closely  similar  to  those  of  the  family  Dicrano- 
graptidffi. 

Should  our  conclusions  be  correct,  the  present  nomenclature  will 
have  to  be  altered,  for  it  is  clear  that  two  species  of  Didymograptui, 
to  take  an  example,  which  have  descended  through  different  Tetra- 
graptid  forms,  the  one  from  a  Bryograpttis,  the  other  from  a 
Dichograpius,  cannot  be  relegated  to  the  same  genus.  In  the  present 
state  of  our  knowledge  we  believe  it  would  be  not  only  inconvenient 
but  also  unpardonable  to  alter  a  classification  the  working  value  of 
which  has  been  made  fully  apparent,  and  we  propose,  therefore,  to 
retain  such  names  as  Monograptus^  Didymograpttis,  and  Tetragrnptui 
as  "  generic  "  names,  merely  ob«erving  that  we  do  not  consider  the 
species  placed  under  these  various  groups  to  belong  to  definite 
genera,  in  the  sense  in  which  the  word  is  used  by  biologists,  but 
that  they  constitute  cases  of  what  Buckman  terms  heterogenetic 
homoemorphy  of  forms  which  are  only  distantly  allied  to  one  another. 

To  a  considerable  extent  these  homoeomorphic  forms  are  iso- 
chronous and  not  heterochronous,  as  proved  by  detailed  work  in 
the  field ;  hence  their  extreme  value  to  the  stratigraphical  geologist. 
They  may  be  regarded  as  constituting  a  special  case  of  mimicry,  the 
reasons  for  the  existence  of  which  may  be  very  briefly  discussed. 

We  are  indebted  to  Mr.  Clement  Reid  for  the  first  suggestion 
that  the  variations  in  the  characters  of  Graptolites  may  be  connected 
with  the  supply  of  food,  and  study  of  the  variations  inclines  us  to 
accept  this  suggestion  as  plausible,  if  not  correct. 

The  earlier  Graptolites  (such  as  Dtctyograpttut  in  the  Lingula  flags, 
etc.)  consisted  of  a  number  of  irregularly -branching  stipes ;  but 
symmetry  in  the  arrangement  of  the  stipes  would  tend  to  ensure 
an  equal  supply  of  food  to  each  stipe ;  hence  we  soon  meet  (in  the 

^  We  have  examined  a  larj^e  number  of  examples  of  the  Tetragraptu*  here  alludt'd 
to,  which  have  been  collected  in  the  Skiddaw  Slat«i  of  Troutbeck  and  Outerside, 
near  Keswick,  and  are  of  opinion  that  it  is  specifically  separable  from  T.  Big^hyi, 
Hall,  and  ought  to  receive  a  new  name.  Pending  a  complete  description,  we  may 
therefore  speak  of  this  iotm  as  T.  inowulans.  In  some  of  our  spetdmens  of  this 
nn^ulor  form  not  oiily  ate  l\io  «L\)\cii%  oi  Vlti^  ^^^  \x^  ^Qw\syR,\.^  Wt  more  or  le* 
complete  fosion  or  coliesioiiliaa  taulv^u  ^\^^«. 


F-„L.A',uZ.t'U.       \-;V^l-V'-9-.- 
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Tremadoo  rooks)  with  many -branched  forms  like  Clonograplus 
possessing  a  symmetrioal  arrangement :  the  fewer  the  branches, 
however,  the  greater  the  supply  of  food  to  the  entire  organism; 
consequently  we  find  forms  with  more  than  eight  branches  {Logano' 
graptus)  rapidly  replaced  by  eight-branched  forms  (Bichograptus), 
these  by  four- branched  forms  (Tetragraptus),  and  these,  again,  by 
two -branched  forms  (Didymograptua).  Professor  Lapworth  has 
privately  furnished  us  with  what  is  doubtless  the  reason  why 
unilateral  forms  like  AzygograpiuB  did  not  survive,  until  the  genus 
Monograptus  became  established  in  the  Sihirian  rocks,  but  we  await 
the  publication  of  this  reason.  Four-branched  forms  descended  from 
one  series  would  be  at  a  disadvantage  as  compared  with  two- 
branched  forms  of  another;  therefore,  when  once  a  two-branched 
form  of  one  series  was  established,  any  departure  from  a  four-branched 
to  a  two-branched  form  in  another  series  would  tend  to  survive,  and 
the  four-branched  forms  would  die  out,  hence  the  general  isochronism 
of  forms  belonging  to  diverse  series  possessing  the  same  number  of 
branches. 

Again,  forms  having  the  series  of  hydrothecsB  facing  one  another 
would  receive  a  smaller  supply  of  food  than  those  having  the 
hydrotheoffi  further  apart ;  consequently  the  increase  in  the  angle  of 
divergence  followed,  which  attained  its  maximum  of  360^  when  the 
backs  of  the  stipes  came  into  contact  with  Phyllograptua,  JHplO' 
graptua,  and  Climacograptua. 

Lastly,  hydrothecad  the  openings  of  which  faced  downwards  and 
lay  in  the  same  plane  would  be  placed  at  a  disadvantage  compared 
with  those  which  faced  in  different  directions,  hence  the  variations 
in  the  nature  of  the  hydrothecce  resulting  in  the  curved  and  sometimes 
twisted  forms  met  with  amongst  the  later  Graptolites.  This  would 
also  produce  its  effect  upon  the  angle  of  divergence. 

The  above  notes  are  offered  as  suggestions  only,  though  in  our 
opinion  they  are  plausible.  Should  they  be  correct,  the  value  of 
Graptolites,  enormous  as  it  already  is  to  the  stratigraphical  geologist, 
will  become  equally  so  to  the  biologist;  and  we  may  look  forward 
to  the  establishment  of  a  complete  phylogeny  in  the  case  of  this 
remarkable  sub-class. 


II. — On  some  Paleozoic  Phyllopoda, 

By  Professor  T.  Rupert  Jones,  F.R.S.,  and  Dr.  Henry  Woodward,  F.R.S. 

(PLATE  XV.) 
1.  Cebatiooaris  reticosa,  sp.  nov.     Plate  XV,  Figs,  la,  16. 

IN  the  Museum  of  Practical  Geology  there  is  a  specimen  of 
Ceratioearis  (No.  4435),  from  the  vicinity  of  Ludlow,  which 
was  not  noticed  by  us  in  the  *'  Monograph  of  British  Palaeozoic 
Phyllocarida"  (Palaeontographical  Society),  1888.  It  is  a  squeezed 
carapace,  evidently  allied  to  the  Ceratioearis  cassioidea  there  de- 
scribed and  figured,  pages  69-61,  pi.  iii,  fig.  9 ;  pL  iv,  fi^,  7  ;  oA\d 
j)L  yji,  &g8,  i-6,    I'he  specimen  appears  Uj  \i«kN^  \i^«a  >qv*^n^. 
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The  oontainad  animal  matter  haa  osnaed  an  irragolar  ooavezitf  (m 
aeen  alao  in  figs.  4-6,  pL  tIi  aboTe  mentioned),  eapaeiallj  in  ^ 
anterior  third ;  and  here  it  haa  been  broken  down,  leaTing  a  oaifl 
rong^h  caTity  in  aome  obecnre  organic  materiaL 

llie  exposed  (right)  valve  baa  been  damaged  bj  preaanre;  boi^ 
thoogh  moch  excoriated,  it  retaina  on  the  lower  part  of  the  fnmt 
moiety  an  ornament  of  nomeroua  raiaed  flexoona  atrias  (like  thoM 
aeen  in  ^fj^.  9,  pi.  iii),  trending  apwarda  and  Ibrwarda  to  oonvogi 
at  the  anterior  extremity.  Near  the  pcatero-doraal  angle,  moreow, 
there  is  a  patch  of  peculiar  reticolate  aoolptore,  with  loaenge  sbtprf 
meshes.  Farther  trace  of  thia  ornament  is  viaible  for  a  littie  wtj 
towards  the  middle  of  the  valve.  In  its  proportiona  thia  apeeimea 
comes  nearest  to  fig.  9  in  pi.  iii  of  the  Monograph,  bnt  differs  fron 
it  considerably;  and  atill  more  &om  the  other  known  exam{^ 
Thus:— 

VillimMree 
Length  and  height  29  x  12*50,  specimen  under  notice,  from  near  Ludlow. 


>»  » 


»>  »> 


»»  »» 


26  X  11,  the  Monograph,  pi.  iii,  fie.  9,    p.  60,  from 

Leintwardine,  near  Lndlow. 
26  X  14,  the  Mon<^T*ph,  pi.  Tii,  fig.  6,  p.  60,  from 

Leintwardine,  near  Lndlow. 
26  X  12,  the  Monograph,   pi.  rii,  fig.  6,   p.  61,  from 

near  Ludlow. 
„  „        28  X  12,  the  Mon(^^ph,  pi.  Tii,  fig.  4,  p.  60,  from 

Tnpleton,  near  Didlow. 
22  X  12,  the  Monograph  (not    figured),   p.   60,   from 

Tripleton,  near  Ludlow. 
22  X  9,  the  Monograph,  pi.  iv,  fig.  7,  p.  60,  from  near 

Ludlow. 


>>  >» 


>>  >> 


o 


u 
o 


(Not  figured),  the  Monograph,  p.  60,  from  Benson  Knot,  Kendal. 

Upper  Ludlow  formation. 

It  has  not  nearly  so  great  a  height  in  its  anterior  moiety  as 
C,  cassioides;  in  coDsequence  of  its  having  a  much  lee^s  convex 
antero-ventral  border.  The  sinuous  striaa  are  comparable  with  those 
on  both  the  front  and  hinder  portions  of  fig.  9  in  pi.  iii ;  hut  none 
of  the  known  examples  exhibit  the  neat  delicate  reticulation,  with 
lozenge-shaped  meshes,  which  this  additional  example  shows  on 
its  postero-dorsal  area.  Unfortunately  only  a  limited  patch  remains, 
but  the  ornament  is  obscurely  continued  for  a  little  way  forwards 
towards  the  middle  of  the  valve. 

This  peculiar  ornamentation  suffices  to  distinguish  the  species 
under  consideration,  even  if  the  larger  size  and  the  more  elongate 
or  attenuate  outline  do  not  constitute  a  sufficient  distinction. 

2.  Emmklezoe  Lindstroemi,  sp.  nov.     Plate  XV,  Figs.  2a>2d. 

Several  specimens,  in  a  soft  grey  argillaceous  limestone,  homo- 
taxial  with  the  Wenlock  Beds,  from  Lau,  near  the  south-east 
coast  of  Gothland,  Sweden,  have  been  communicated  by  Professor 
Gustav  Lindstrom,  F.M.G.S.  On  one  piece  of  this  marly  rock  there 
are  indications  of  at  least  six  carapaces,  flattened,  and  more  or  less 
mutilated   by  pressure,  some   showing  a  traoe  of  the   underlying 
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TmlTe.  Another  speoimen  (shown  by  Fig.  2)  lies  alone  on  another 
piece  of  the  same  rook. 

.  The  enoloeed  animal  matter  expreeaea  itself  in  the  irregularity  of 
the  surface  of  the  yalves,  espeoially  at  the  antero-ventral  region  (as 
in  fig.  9a  of  pi.  Tii,  *'  Monograph  of  the  Ceratiooaridse,*'  1888) ;  also 
by  small  raised  spots  more  or  less  isolated.  Among  these,  however, 
there  is  generally  one  small  pustule  that  seems  to  be  analogous  to 
the  little  ocular  tubercle  in  Emmelezoe  ("  Monograph  Oeratiocaridse," 
PaL  Soc  1888,  pp.  69-71,  pi.  vii,  fig.  9,  and  pi.  Tiii,  figs.  1-3). 
In  one  specimen  (not  figured)  it  is  accompanied  by  a  small  scutcheon 
with  a  wrinkled  pattern. 

The  TalTcs  are  chitinous,  amber-coloured,  somewhat  iridescent, 
delicately  thin,  and  brittle.  The  form  is  obliquely  sub-oblong; 
somewhat  boat-shaped ;  nearly  straight  on  the  back ;  elliptically  an4 
obliquely  curved  below ;  broadest  (highest)  in  the  anterior  moiety, 
the  antero-ventral  curve  being  well  developed.  The  front  end  has 
its  apex  on  the  median  line  of  the  valve ;  and  is  more  frequently 
preserved  than  the  posterior,  which  tapera,  and  was  truncate  with 
an  ogee  curve. 

One  specimen  measures    13  x  6mm. 

Another  specimen  measures 11  x  4mm. 

Another  specimen  (Fig.  2)  measures 10  x  4  mm. 

This  form  is  nearest  to  Emmelezoe  Maccoyiana  (Monograph,  pi.  viii, 
fig.  2) ;  it  has  a  greater  antero-ventral  curve  than  E.  elliptica  (fig.  1) ; 
and  it  is  relatively  longer  and  less  boldly  curved  on  the  ventral 
border  than  E,  crasaiatriata  (fig.  3)  and  M  tenuiatriata  (pi.  vii, 
fig.  9).  Moreover,  it  shows  none  of  the  striate  ornament  seen 
in  all  these.  The  absence  of  this  sculpture  and  the  feebleness  of 
the  ocular  tubercle  weaken  its  apparent  alliance  with  JSmmelezoe; 
but  we  cannot  associate  it  with  Cerntiocaria  aolenoides,  C.  inomata, 
and  their  allies  (Monograph,  pp.  48-54,  pis.  viii  and  x). 

In  the  Geological  Magazine,  Decade  IV,  Vol.  II,  p.  170  (April 
1895),  Dr.  G.  J.  Hinde,  in  an  abstract  of  a  memoir  by  Prof.  G. 
Lindstrdm,  communicated  to  the  Royal  Swedish  Academy  of  Sciences 
in  December,  1894,  gives  an  account  of  the  finding  of  these  and 
other  interesting  Upper  Silurian  fossils,  including  fish-remains 
{Oyathaapia), 

3.  LiNGULooARis  LINGULSOOHES,  Salter,  1866.   PL  XV,  Figs.  3a,  36. 

In  the  "Monograph  of  the  British  Palseozoic  Phyllocarida " 
(Palseont.  Soc.),  1892,  this  species  is  treated  of  with  its  Synonymy, 
at  p.  81. 

The  Rev.  G.  C.  H.  Pollen,  S.J.,  F.G.S.,  of  St.  Beuno  College,  St. 
Asaph,  has  kindly  communicated  a  specimen  of  what  seems  to  be 
this  species  from  Capel  Arthog,  between  Barmouth  Junction  and 
Dolgelly,  North  Wales. 

It  is  the  hollow  cast  of  the  outside  of  a  right  valve,  lying  on  a 
bed-plane  of  a  bluish  slaty  rook,  with  ferruginous  stains,  belonging 
Ito  the  Lingula-flags  (probably  the  Ffestiniog  or  Middle  Division). 


542     Prof.  T.  R.  Jonei  4r  S.  Woodward— PakBoaaie  PhyJhpfdtk 

In  shape  it  is  obliqaely  subovate  (28mm.  long;  13 mm.  high); 
broad  (high)  in  front,  narrower  and  rounded  behind.  The  anterior 
extremity  of  the  valve  is  boldly  rounded  in  advanoe  of  the  mbo^ 
but  has  a  slight  antero-dorsal  slope.  The  hinge-line  is  stiaigfat 
(17  mm.)  from  the  umbo  to  the  poetero-dorsal  curve.  The  unbs 
is  about  a  fourth  of  the  length  of  the  valve  from  the  firont  and. 
Ventral  edge  elHptioally  curved ;  deepest  just  in  front  of  the  middla 
of  the  valve.  The  surface  is  marked  with  numerona  thin  strio^ 
parallel  with  the  ventral  margin,  and  oonoentrio  with  the  umbo. 

This  specimen  most  nearly  agrees,  as  to  shape,  with  Saltei'i 
fig.  2,  pi.  X,  *'  Memoirs  Qteo\.  Survey,"  vol.  iii  (1866),  pp.  253  and 
294;  and  second  edition  (1881),  p.  485,  being  more  ovate  than  hil 
fig.  1.  Its  ornament  agrees  with  that  of  the  latter.  The  variatioa 
in  outline  may  possibly  be  due  to  sexual  dififerenoe. 

4.  Ctpsioabdihia  (?),  Hall,  1859.    Plate  XV,  Figs.  4a,  4& 

This  fragment  of  a  molluscan  valve,  from  Girvan,  when  looked  it 
with  its  broken  end  downwards,  has  somewhat  of  the  appearance  of 
a  fragmental  upper  moiety  of  a  Pinnocaria,  hence  it  has  been  figured 
tentatively  in  this  plate. 

Fig.  4a  shows  the  outside  of  the  posterior  moiety  of  the  right 
valve  of  probably  a  Cyprieardinia^  such  as  C,  mblamellota  and 
C  eoncentrica.  Hall,  "  Palaeontology  of  New  York,"  vol.  iii,  1859, 
pp.  267,  268,  pi.  L,  figs.  1  and  2.  It  measures  9  x  4  mm.  Fig.  4i 
gives  an  enlarged  view  of  a  portion  of  its  ornament. 

The  specimen  is  in  Mrs.  Gmy's  Collection,  in  Edinburgh,  and 
was  collected  by  her  from  the  Lower  Silurian  rocks  of  Balclatcbie, 
Girvan,  Ayrshire. 

5.  PiNNOOARis  Lapwobthi,  R.  Etheridge,  jun.,  1878,      Plate  XY, 

Figs.  5-10. 

For  descriptions  and  synonymy  see  **  Monograph  Silurian  Fossils 
of  Girvan,"  vol.  i,  1880,  p.  210,  pi.  xiv,  figs.  17-20 ;  and  "  Monc^raph 
British  Palseozoio  Phyllocarida,"  1892,  pp.  118,  119,  pi.  xv,  fig.  24 

The  only  known  representative  of  the  peculiar  Crustacean  genas 
Pinnocaris  occurs  usually  as  black,  shining,  chitinous,  flattened 
carapace-valves  (sometimes  decomposed) ;  elongate  and  triangularlj- 
obovate  in  outline ;  broadly  rounded  at  one  end  (anterior) ;  with  an 
umbo ;  strise  parallel  to  the  ventral  margin  and  concentric  with  the 
umbo ;  and  a  long,  narrow,  transversely  wrinkled  posterior  extremity. 

In  some  instances  the  valves  are  subconvex  ;  and  often  are 
evidently  in  pairs,  containing  matrix  representing  animal  matter. 
In  no  instance  have  the  two  valves  presented  themselves  as  lying 
open  or  expanded  side  by  side. 

The  umbo  is  situated  on  the  straight  margin,  generally  at  about 

a  fourth  of  the  length  of  the  valve  from  the  anterior  extremity ;  but 

in  small  specimens  relatively  at  a  less  distance.    It  appears  typically 

as  a  small  pinched-up  foVOi, \\o\\ovi  VvvJcCvti^  W^,  \t  is  much  modified 

by  pressure  in  differeiit  \Ti^\V\<i\i8\&\  x^c^wxivci^  ^^SkfeSlvBsft^  ^v 
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triangular  ridge  between   two  farrows;  or  as  two  smaU  ridges 
bounding  a  triangular  pit;  or  otherwise  modified. 

The  straight  edge  of  the  long  (posterior)  portion  of  the  valve  has 
a  corded  appearance,  from  a  little  below  the  umbo  to  the  extremity. 
This  special  margin  begins  very  thin,  and  widens  downwards,  the 
little  cross-strisd  or  wrinkles  becoming  stronger  as  it  widens ;  the 
last  eight  or  ten  are  much  larger  and  thicker.  In  some  cases  (as  in 
Fig.  9,  more  especially)  it  is  double.  Possibly  this  corded  margin 
has  reference  to  a  peculiar  dorsal  longitudinal  plate  intermediate  to 
the  two  valves.  This  may  have  been  susceptible  of  being  bent 
when  the  valves  closed ;  or  it  may  have  split  along  its  length. 
Such  an  intermediate  dorsal  plate  is  regarded  by  Hall  and  Clarke  as 
having  existed  in  Mesothyra  {**  Palssont.  New  York,"  vol.  vii,  1888, 
p.  187,  pi.  xxxii,  fig.  1) ;  but  we  do  not  find  it  in  the  allied  IHthyro* 
tarit.  The  corded  margin  has  a  distant  analogy  to  a  lateral  moiety 
of  the  intermediate  and  striated  plate  in  PholadocarU^  H.  Woodward 
(Gkol.  Mao.,  Dea  II,  Vol.  IX,  1882,  p.  388,  PI.  IX,  Fig.  16).  It 
more  closely  resembles  the  much  stronger,  corded,  dorsal  edges  in 
JDiihyroeariB  iricomi$f  H.  W.  and  B.  Eth.  (Gbol.  Mag.,  Vol.  X,  1873, 
pp.  483-6,  PI.  XVI,  Fig.  3),  which  does  not  seem  to  possess  an 
intermediate  dorsal  plate.  Fholadocaris  has  been  met  with  only  in 
its  expanded  form;  but  Dithyrocaris  has  been  found  both  in  the 
expanded  and  closed  state. 

The  two  valves  of  Pinnoearis,  if  placed  side  by  side,  with  the 
straight  edge  of  one  in  contact  with  that  of  the  other,  would  present 
an  analogy  to  some  of  the  flat  open  carapaces  of  Fholadocaris  and 
AptychopstB,  with  the  difference  that  there  would  be  little  or  no 
nuchal  notch  with  the  two  valves  of  Pinnoearis  thus  arranged,  and 
a  very  narrow  open  space  below  the  umbo,  not  gaping  at  the  end. 

Judging  from  the  two  outlines  of  the  counterparts  of  the  closed 
carapace  (PI.  XV,  Figs.  8  and  9),  we  may  say  that  when  the  valves 
were  closed  the  dorsal  edges  would  lie  against  each  other  (with  or 
without  a  very  narrow  flanging  ligament),  whether  they  formed 
a  straight  or  a  slightly  flexuous  line,  with  or  without  a  protruding 
umbo.  Even  anteriorly  the  edges  would  meet  (with  a  slope),  and 
would  not  necessarily  require  an  intermediate  plate.  So  a  bivalve 
Mollusc,  if  laid  open,  would  have  angular  notches  fore  and  aft,  but 
no  intermediate  plates. 

As  far  as  mere  outline  is  concerned,  Pinnoearis  has  a  distant  re- 
semblance to  a  figure  of  Beeeherella  subtumida  in  E.  0.  Ulrich*s 
memoir  on  that  genus,  "American  Geologist,"  vol.  viii,  1890,  p. 
200,  pi.  ii,  fig.  6;  but  it  is  very  distinct  in  other  respects.  The 
outline  may  be  said  to  have  a  still  more  remote  likeness  to  Pro^ 
iozoSa  Hitgendorfiy  Dames,  '*Zeitsch.  d.  Geol.  Ges.,"  vol.  xxxviii, 
1886.  p.  677,  pi.  XV,  figs.  6-7. 

Except  one  example  from  the  Upper  Silurian  of  Kendal,  West- 
moreland, all  the  specimens  we  have  seen  are  from  the  Lower 
Silurian  of  Girvan,  Ayrshire,  from  which  locality  Mrs.  Gray,  of 
Edinburgh,  has  made  a  large  collection* 
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Fig.    6. 

29 

14 

6 

The  Kendal  specimen  in  the  Monoppraph  Brit.  Foes.  Phyllopoda,  1892,  p.  118, 
pi.  XT,  fig.  24 :   Length,  26  P  mm. ;  width,  10  mm. 

The  apparent  size  of  the  specimens  is  considerably  afifected  bj  the 
degree  of  pressure  or  amount  of  distortion  they  have  received. 

EXPLANATION   OF  PLATE  XV. 

la,  right  valve ;    1&,  outline  of  end  view. 

Fio.    1.  CeratioeariM  retieosa^  sp.  nov.     From  near  Ludlow.     Museum  of  Practicsl 

Geology,  Jdhnyn  Street. 

Fio.    2.  Emmelezoe  Lindatroemiy  sp.  nov.     2a,  left  valve,  natural  size;   2&,  the 

same,  magnified  3  diameters ;  2e,  outline  of  edge  view ; 
2df  outline  of  end  view.     From  Lau,  Gothland.     Brit.  Mus. 

Fio.    3.  Linguloeuris  Unff^ditcome*^  Salter.     3a,  hollow  cast  of  right  valve,  x  Ij 

diameters ;  36,  outline  of  transverse  section.  Capel  Arthoi;, 
North  Wales.     Collection  of  Rev.  G.  C.  H.  Pollen,  F.G.S. 

Fio.    4.  Cypricardinia.     4a,  imperfect  right  valve,  twice  nat.  siae ;  46,  portion  of 

the  ornament,  magnified  25  diameters.  From  Balclatchie, 
Girvan.     Mrs.  Gray*8  Collection,  Edinburgh. 

Fio.    5.  Finnocaris  Lapworthi,  R.  Etheridge,  jun.     6a,  carapace,  one  and  a  half 

times  nat.  size.  The  upper  part  is  convex,  and  exhibits  the 
outside  of  the  left  valve,  which  is  broken  across  at  the  umbo, 
showing  a  thin  layer  of  brownish  matrix  between  the  valves. 
The  inside  of  the  right  valve  forms  the  lower  part  of  the 
figure.  The  crushed  spikes  at  the  side  are  quite  duttinct, 
and  must  have  belonged  to  some  other  organism,  baring  no 
relation  to  Pinnoearis.  They  seem  to  consist  of  a  once 
convex  tapering  style,  now  crushed  along  its  middle,  and  a 
much  smaller,  obscure,  thin,  and  simple  spike  or  spine  lying 
below  the  other  and  nearly  parallel  with  it.  66,  approximate 
outline  of  the  convexity  of  the  upper  (front)  end.  From 
Balclatchie,  Girvan,  Ayrshire.     Mrs.  Gray*s  Collection. 

Fig.    6.  PinnocaHs  Lapworthi,  R.  Etheridge,  jun.     6a,  convex  cast  of  the  interior 

of  a  right  valve,  3  times  nat.  size ;  6A,  outline  of  the  edge 
view ;  6c,  a  small  portion  of  the  linear  ornament  of  the  te^t 
preserved  at  the  antero- ventral  curve,  enlarged  26  diameters. 
From  Ardmillan  Brae,  Girvan.     Mrs.  Gray's  Collection. 

Fio.    7.  Pinnoearis  Laptvorthi^   R.   Etheridge,  jun.    A   flattened  carapace:  the 

upper  part  shows  a  portion  of  the  outside  of  the  right  valve ; 
the  lower  part  is  the  slightly  hollow  inside  of  the  left  valve. 
From  Balclatchie,  Girvan.     Mrs.  Gray's  Collection. 


Sir  W.  Datcaon^^The  Animal  Nature  of  Eozo'&n.         645 

Fio.    8.  Pinnoearit  Lapworthif  R.  Etheridge,  jtm.    Concftve  mould  of  the  outside 

of  a  left  Talve.  From  Balclatchie,  Girvan.  Mrs.  Gray*8 
Collection. 

Fio.    9.  IHnnocaris  Zapworthi,  R.  Etheridge,  jun.     9a,  convex  cast  of  the  inside 

of  left  yalTe ;  counterpart  of,  and  fitting  into,  Fig.  8 ;  but 
imperfect  at  top  and  side  of  upper  moiety.  96,  outline  of 
edge  view;  9^,  outline  of  end  view.  From  Balclatchie, 
Girran.     Mrs.  Gray's  Collection. 

FiQ.  10.  IHnnocaris  Lapworthiy  R.  Etheridge,  jun.     Probably  a  carapace ;  showing 

the  right  valre,  of  which  the  upper  part  retains  the  usual 
black  shining  test;  and  the  lower  part  is  the  convex  cast 
of  the  inside  of  the  posterior  moietv  of  the  same.  From 
Ardmillan  Brae,  Girvan.    Mrs.  Gray  s  Collection. 


in. — Rkvibw  of  the  Evidbnob  for  thb  Animal  Naturb  of  Eozoon 

Canadbmsb. 

By  Sir  William  Dawson,  C.M.G.,  LL.D.,  F.R.S.,  etc. 

III.     StUUOTUUAL   AMD    BlOLOQTOAL. 

IN  recent  years  I  have  been  disposed  to  attach  more  importance 
than  formerly  to  the  general  form  and  maoroscopical  characters 
of  Eozoon.  The  earlier  examples  studied  were,  for  the  most  part, 
imbedded  in  the  limestone  in  such  a  manner  as  to  give  little 
definite  information  as  to  external  form;  and  at  a  later  date,  when 
Sir  William  Logan  employed  one  of  his  assistants,  Mr.  Lowe,  to 
quarry  large  specimens  at  Grenville  and  Cote  St.  Pierre,  the  attempt 
was  made  to  secure  the  most  massive  blocks  possible,  in  order  to 
provide  large  slabs  for  showing  museum  specimens.  More  recently, 
when  collections  have  been  made  from  the  eroded  and  crumbling 
surfaces  of  the  limestone  in  its  wider  exposures,  it  was  found  that 
specimens  of  moderate  size  had  been  weathered  out,  and  could, 
either  naturally  or  by  treatment  with  acid,  be  entirely  separated 
from  the  matrix.  Such  specimens  sometimes  showed,  either  on 
the  surfaces  or  on  the  sides  of  cavities  and  tubes  penetrating  the 
mass,  a  confluence  of  the  laminse,  constituting  a  porous  cortex  or 
limiting  structure.  Specimens  of  this  kind  were  figured  in  1888,* 
and  I  was  enabled  to  add  to  the  characters  of  the  species  that  the 
original  and  proper  form  was  '*  broadly  turbinate  with  a  depression 
or  cavity  above,  and  occasionally  with  oscula  or  pits  penetrating 
the  mass."  The  great  flattened  masses  thus  seemed  to  represent 
confluent  or  overgrown  individuals,  often  contorted  by  the  folding 
of  the  enclosing  beds. 

There  are  also  in  well-preserved  specimens  certain  constant 
properties  of  the  old  calcite  and  serpentine  iHgoons.  The  former  are 
continuous,  and  connected  at  intervals,  so  that  if  the  siliceous  filling 
of  the  chambers  could  be  removed,  the  calcareous  portion  would 
form  a  continuous  skeleton,  while  the  serpentine  filling  the  chambers, 
when  the  calcareous  plates  are  dissolved  out  by  an  acid,  forms  a 
continuous  oast  of  the  animal  matter  filling  the  chambers.  This 
cast  of  the  sarcodous  material,  when  thus  separated,  is  very  uniformly 
and  beautifully  mammillated  on  the  surfaces  of  the  laminsB,  and  this 

>  Gbolooical  Maoazinb,  and  Musenm  Memoir. 
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tabercolatioD  gradually  paaaes  apward  into  mnaller  (dia]iibera»kafug 
amoeboid  outlinea,  and  finally  into  roanded  diamberleta.  It  it  alto 
a  very  oonttant  point  of  ttnictare  that  the  lower  lamiiuB  of  oaldu 
are  thicker  than  thoee  above,  and  have  the  canal-ajstema  laq^  and 
ooarser.  There  is  thus  in  the  more  perfect  spectmena  a  definite  plu 
of  uiacrosoopical  structure. 


Fio.  6. — Diag^nm  of  tvpical  mode   of  smngement  of  canals  and  tabali  is  a 

lamina  of  £ozodm  Cmttdeiue.    (Magnified.) 

The  normal  mode  of  miDeralization  at  Cote  St.  Pierre  and  Oren- 
ville  is  that  the  laminsB  of  the  test  remain  as  calcite,  while  the 
chambers  and  larger  canals  are  filled  with  serpentine  of  a  light 
green  or  olive  colour,  and  the  finer  tubuli  are  injected  with  dolo- 
mite. It  may  also  be  observed  that  the  serpentine  in  the  larger 
cavities  often  shows  a  banded  structure,  as  if  it  had  been  deposited 
in  succeBsive  coats,  and  the  canals  are  sometimes  lined  with  a  tubular 
film  of  serpentine,  with  a  core  or  axis  of  dolomite,  which  al.'^o 
extends  into  the  finer  tubuli  of  the  surfaces  of  the  laminas.  This, 
on  the  theory  of  animal  origin,  is  the  most  perfect  state  of  pre- 
servation, and  it  equals  anything  I  have  seen  in  calcareous  organisms 
of  later  periods.  This  state  of  perfection  is,  however,  naturally  of 
infrequent  oc(iurrence.  The  finer  tubuli  are  rarely  perfect  or  fully 
infiltrated.  Even  the  coarser  canals  are  not  infrequently  imperfect, 
while  the  laminsd  themselves  are  sometimes  crumpled,  crushed, 
faulted,  or  penetrated  with  veins  of  chrysotile  or  of  calcite.  In 
some  instances  the  calcareous  laniinas  are  replaced  by  dolomite,  in 
which  case  the  canal-systems  are  always  imperfect  or  obsolete.  The 
laminas  of  the  test  itself  are  also  in  some  cases  replaced  by  serpentine 
in  a  fiocculent  form.  At  the  opposite  exti*eme  are  specimens  or 
portions  of  specimens  in  which  the  chambers  are  obliterated  by 
pressure,  or  occupied  only  with  calcite.  In  such  cases  the  geneml 
structure  is  entirely  lost  to  view,  and  scarcely  appears  in  weather- 
ing. It  can  be  detected  only  by  microscopic  examination  of  slices, 
in  parts  where  the  granular  structure  or  the  tubulation  of  the  calcite 
layers  has  been  preserved.  All  palasontologists  who  have  studied 
silicified  fossils  in  the  older  rocks  are  familiar  with  such  appearances. 

It  1ms  been  alleged  by  Mobius  and  others  that  the  canal -systems 
and  tubes  present  no  organic  regularity.  This  difliculty,  however, 
arises  solely  from  imperfect  specimens  or  inattention  to  the 
necessary  results  of  slicing  any  system  of  ramifying  canals.  In 
Eozoon  the  canals  form  ramifying  groups  in  the  middle  planes  of 
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the  laminaa,  and  prooeed  at  first  almost  horizontally,  dividing  into 
smaller  branches,  whioh  ultimately  give  off  brashes  of  minnt^ 
tnboli  running  nearly  at  right  angles  to  the  surfaces  of  the  lamina, 
and  forming  the  extremely  fine  tabulation  which  Dr.  Carpenter, 
regarded  as  the  proper  wall.  In  my  earlier  description  I  did  not 
distinguish  this  from  the  canal-system,  with  which  its  tubuli  are 
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Fio.  7. — Cross  section  of  minute  tubuli,  abont  5  microms.  in  diameter.    (Magnified.) 

inwardly  continuous;  Dr.  Carpenter,  however,  understood  this  ar-. 
rangement,  and  has  represented  it  in  his  figures  ^  (see  also  Fig.  6). 
It  is  evident  that  in  a  structure  like  this  a  transverse  or  oblique 
section  will  show  truncated  portions  of  the  larger  tubes  apparently 
intermixed  with  others  much  finer  and  not  continuous  with  them, 
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Fio.  8. — Cross  section  of  similar  tubuli,  more  highly  magnified,   and  showing^ 
granular  character  of  the  test.      (From  camera  tracings.) 

except  very  rarely.  Good  specimens  and  many  slices  and  deca1ci« 
fied  portions  are  necesBary  to  understand  the  arrangement.  This 
consideration  alone  I  think  entirely  invalidates  the  criticisms  pf 
Mobius,  and  renders  his  large  and  costly  figures  of  little  value, 
though  his  memoir  is,  as  I  have  elsewhere  shown,  liable  to  other 
and  fatal  objections.' 

It  has  been  pretended  that  the  veins  of  chrysotile,  when  parallel 
to  the  laminsB,  cannot  be  distinguished  from  the  minute  tubuli 
terminating   on   the   surfaces   of   the    laminsd.      I   feel   confident^ 

^  Ann.  and  Mag.  Nat.  Hist.,  ser.  4,  xiii,  p.  456,  figs.  3,  4. 
>  Museum  Memoir,  pp.  dU  ei  »eq. 
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bowever,  that  no  tnicrcwcopiiit  who  has  aeen  both,  vniler  proper 
Of  >o  ill  lions  of  preservation  and  stndj,  ooolJ  confuand  them.  The 
fibres  of  chrysotile  are  closely  appressed  parallel  priama,  with  tke 
optical  properties  of  serpentine.  Tlie  best  preaerred  apeciiiieDs  of 
the  "proper  wall"  contain  no  serpentine,  but  are  eooipoaed  of 
calcite  with  eztremelj  miiiate  parallel  cylinders  of  dolomite  shoot 
five  to  ten  microms.  in  diameter,  and  separated  bj  spaoea  giMUcr 
than  their  own  diameter  (see  mj  comparative  fignre,  '^Dswn  of 
Life/'  p.  106 ;  also  Figs.  o.  6).  In  the  rare  caees  where  the  cylinden 
are  filled  with  serpentine  they  are,  of  course,  still  more  distinct  and  ' 
beautiful.  At  the  same  time  I  do  not  doubt  that  observers  who 
have  not  seen  the  true  tubulation  msy  have  been  misled  by  chryso- 
tile veins  when  these  fringe  the  laminsd.  Mobius,  for  instance, 
figures  the  true  and  false  structure  as  if  they  were  the  same. 

Protest  should  here  be  made  against  that  mode  of  treating  ancient 
fossils  which  regards  the  most  obscure  or  defaced  apeoimens  u 
typical,  and  those  better  preserved  as  mere  aooidenta  of  mineral 
structure.  In  Tertiary  Nummulites  injected  with  glauconite,  it  ii 
rare  to  find  the  tubuli  perfectly  filled,  except  in  tufts  here  and  there, 
yet  no  one  doubts  that  these  patches  represent  a  continuous  structure. 

I  have  remarked  on  previous  occasions  that  the  calcite  constitntiDg 
the  laminaB  of  Eozoon  often  has  a  minutely  granular  appearance, 
different  from  that  of  the  8urrounding  limestone,  lliis  is,  I  pre- 
sume, tlie  "duHty"  appearance  referred  to  by  Dr.  Bonney.  Under 
a  high  {>ower  it  resolves  itself  into  extremely  minute  dots  or  floccuH, 
somewhat  uniformly  diffused.  Whether  these  dots  are  particles  of 
CHrl)on,  iron,  apatite,  or  siliceous  matter,  or  the  remains  of  a  porous 
structure,  I  do  not  know ;  but  similar  appearances  occur  iu  the 
calcareous  fossils  contained  in  altered  limestones  of  later  date. 
Wherever  they  occur  in  crystalline  limestones  supposed  to  be  organic, 
the  microscopist  should  examine  these  with  care.  I  have  sometimes 
by  this  appearance  detected  fragmeiits  of  Eozoon  which  afterward 
revealed  their  CHnals. 

I  have  not  space  here  to  notice  late  observations  on  ArcbaeospherinsB 
and  other  objects  supposed  to  be  organic  found  in  pre-Cainbrian 
rocks  in  Canada  and  in  Europe.  They  afford,  however,  to  some 
extent,  corroborative  evidence  in  favour  of  Eozodn. 

Supposing  a  probability  to  be  established  of  the  animal  nature  of 
EuzoiJn,  wo  should  naturally  expect  to  detect  links  of  connection 
l>etween  it  and  foKsils  known  to  us  in  the  succeeding  geological 
formations.  We  have,  however,  here  to  make  allowance  for  tlie 
probability  that  an  organism  so  very  ancient  may  differ  inaterially 
from  any  of  its  successors,  and  ma}'  probably  be  a  synthetic  or 
generalized  type,  or  present  embryonic  characters.  Analogy  might 
MJHo  justify  the  supposition  that  it  might  be  represented  in  later 
times  by  smaller  as  well  as  more  specialized  forms.  In  this  con- 
nection also,  the  probable  warmth  and  shallowness  of  the  Laurentian 
ocean,  and  its  abundance  in  calcium  carbonate  and  in  carbonaceona 
matter,  probably  organized,  should  be  taken  into  account.  It  should 
ix\^o  be  noted  that  the  formations  next  in  ascending  order  are  of 
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A  character  little  likely  to  preserve  organic  marine  forms  of  the 
*' benthos  "  or  ground-living  group.  We  might  thus  expect  a  gap 
in  our  record  between  the  fauna  of  the  Orenville  Series  and  that  of 
the  next  fossil iferous  formations. 

Logan  naturally  compared  his  earlier  specimens  with  the  Stromato- 
porsD  so  abundant  in  the  Ordovician  and  Silurian  Limestones ;  and 
in  this  he  was  justified,  for,  whatever  may  be  the  ultimate  judgment 
of  naturalists  as  to  these  problematical  fossils,  and  whether  they  are 
referred  to  Protozoa  or  to  Hydrozoa,  or,  as  seems  more  likely,  are 
divided  between  the  two.  they  resemble  Eozoon  in  general  structure 
and  mode  of  accumulation  of  calcareous  matter,  and  occupied  a 
similar  place  in  nature.  My  own  conclusion,  on  discussing  the 
microscopic  structures  of  the  specimens  of  Eozo5n,  was  that  they 
were  probably  those  of  Protozoa  allied  to  those  Foraminifera  with 
thick  supplemental  skeleton^  which  had  been  described  by  Dr. 
Carpenter.  At  the  same  time,  I  suspected  that  those  Stromatoporoids, 
like  CcBuostroma,  which  possess  thick  laminae  penetrated  by  rami- 
fying tubes,  might  be  allied  to  the  Laurentian  fossil.  Dr.  Carpenter 
regarded  the  structures  as  combining  in  some  respects  those  of 
Botaline  and  Nummuline  Foraminifera,  and  ably,  and  as  1  think 
conclusively,  defended  this  view  when  attacked.'  The  Rotaline 
type  of  Foraminifera  has  since  that  time  been  traced  by  Cayeux  and 
Matthew  far  down  into  the  pra-Cambrian  rocks.  The  Nummuline 
type  is  not  known  so  early.  As  to  the  canal-bearing  Stromato-r 
poroids,  none  of  them  show  the  fine  tubulation,  though  some  have 
radiating  and  branching  canals.  Recent  students  of  the  Stromato- 
pora  seem  disposed  to  refer  them  to  Hydrozoa,'  a  conclusion 
probable  in  the  case  of  some  of  tlie  forms  (especially  those  spinous 
ones  incrusting  shells),  but  doubtful  in  the  case  of  others,  and  more 
particularly  the  oldest  of  all,  belonging  to  the  genus  Cryptozooii  of 
Hall,  and  Aixshaeozodn  of  Matthew,*  the  structure  of  which  seems, 
so  far  as  known,  to  consist  of  very  thin  primary  laminaa  with 
a  supplemental  tubulated  skeleton  resembling  that  of  the  genus 
LoftuBta,  and  which  must,  I  think,  be  regarded  as  foraminiferal.  In 
any  case,  whether  these  primitive  forms  are  Protozoa  or  rudimentary 
Hydroids,  they  reach  back  in  time  nearly  as  far  as  Eozoon.  and  are 
equally  massive  and  abundimt,  and  may  be  regarded  as  analogous  to 
it  in  magnitude,  habitat,  mode  of  growth,  and  function  in  nature. 

These  later  discoveries  are  gradually  widening  the  horizon  of 
palaeontologists  in  the  direction  of  the  dawn  of  life,  and  the  studies 
of  those  who  trace  backward  the  history  of  the  Invertebrates  of  the 
Palaeo2K)ic  seas  are  demanding  more  and  more  the  discovery  of 
earlier  forms  than  those  yet  known  to  complete  the  chain  of  life.' 
The  field  is  a  difficult  one  to  cultivate,  and  demands  both  labour  and 
patience,  but  it  holds  forth  the  prospect  of  great  discoveries,  and  it 
has   already  become  the  duty  and   interest  of  palaeontologists  to 

1  Calcarina,  etc.  '  Ann.  and  Mag.  Nat.  Hist ,  ioc.  cit. 

*  Nicholson,  Monographs  Palfleontographical  Society. 

*  Bulletin  Nat.  Hi»t.  Survey  of  New  Bruiiffwick,  1894-6. 

*  See  Dr.  Woodward's  Address  as  President  of  the  Geological  Society,  1895. 
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extend  tbeir  inquiries  as  far  back  as  the  Laurentian  in  the  search 
for  Eozoic  life. 

In  this  respect  the  stndy  and  discussion  of  Eosoon  have  not  been 
without  use,  in  directing  attention  to  the  possibility  of  finding 
organic  remains  in  the  older  crystalline  rocks,  to  the  danger  of 
confounding  them  in  their  peculiar  condition  with  merely  miDend 
structures,  to  the  state  of  preservation  of  organic  remains  in  the 
older  formations,  and  to  the  origin  and  significance  of  the  large 
deposits  of  limestone,  dolomite,  hydrous  silicates,  iron  ore,  graphite, 
and  apatite,  laid  up  in  certain  horizons  of  the  Eozoic  rocks. 
Questions  of  this  kind  have  been  greatly  advanced  toward  their 
satisfactory  solution  since  the  discovery  of  Eozoon  in  1858,  and  hi 
some  degree  at  least  in  consequence  of  the  interest  excited  by  that 
discovery.  It  is  hoped  that  the  present  notes  may  tend  in  the  sapie 
direction,  and  that,  whether  or  not  they  succeed  in  removing  any 
existing  scepticism  in  respect  to  Eozoon,  they  may  help  to  stimulate 
and  guide  the  search  for  those  beginnings  of  life,  which  there  are 
now  the  best  reasons  for  believing  are  to  be  found  far  below  the 
base  of  the  Cambrian. 

[Additional  facts  and  illustrations,  and  references  to  previous 
papers  on  the  subject,  will  be  found  in  "Specimens  of  Eozoon 
Oanadense,"  pp.  106,  published  by  the  Peter  Kedpath  Museum 
(Notes  on  Specimens,  Sept.  1888),  which  may  be  obtained  on  appli- 
cation to  the  Museum,  or  through  W.  Foster  Brown,  Bookseller, 
Montreal.  See  also,  for  a  popular  summary,  Chapters  v  an<l  vi  of 
**  Some  Salient  Points  in  the  Science  of  the  Earth,**  London,  1893.] 

[For  Parts  I  and  II  of  this  article  see  Geol.  Mao.  1896,  Dec.  H',  Vol.  II, 
No.  X,  October,  p.  443,  and  Xo.  XI,  November,  p.  602.] 
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IV. — Zonal  Divisions  of  thb  Carboniferous  System. 
By  E.  J.  Garwood,  M.A.,  F.G.S.,  and  J.  E.  Mark,  M.A.,  F.R.S. 

ONE  of  us  remarked  last  year  in  an  article  in  Science  Progress 
that  **  we  may  expect  to  find  our  Carboniferous  depositt 
divisible  into  zones  in  a  manner  comparable  with  tliat  which  holds 
good  among  other  .  .  .  strata."  The  same  writer  called  attention  to 
the  fact  that  similar  views  had  been  expressed  by  Waagen  (Salt 
Range  Fossils,  ** Memoirs  of  the  Geological  Survey  of  India,  1891 "), 
who  considered  that  the  Carboniferous  fossils  had  not  received  the 
same  attention  as  those  of  other  rocks. 

In  Kussia,  three  important  divisions  of  the  Carboniferous  have 
been  made  out:  the  sta^e  o^  Productus  giganteua  and  Spirifera  Klmi, 
referred  to  the  Lower  Carboniferous ;  and  the  Moscovian  stajje,  with 
Spirifera  Mosquensis,  and  the  Gshellian  stage,  with  Choneles  Uralica, 
to  the  Upper  Carboniferous.  The  marine  type  of  Upper  Carboniferous 
de[)08it8  has  now  been  found  widely  distributed  over  Europe,  Asia, 
Africa,  and  America,  though  represented  by  few  truly  marine  beds 
in  Britain;  but  the  Lower  Carboniferous  strata  are  admirably  repre- 
sented in  our  country,  and  it  is  the  object  of  this  paper  to  induce 
iocal  observers  to  pay  gvQa\;dt  oit^wtion  to  these  beda  than  they  have 
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hitherto  done,  and  also  to  study  such  marine  beds  of  the  Upper 

Carboniferous  (Millstone  Grit  and  Coal-measures)  as  are  developed 

in  this  country. 

In  1886,  De  Eoninck  and  Lohest  showed  that  the  Carboniferous 

Limestone  of  the  north-east  of  England  was  divisible  into  three 

groups:  the  lowest,  containing  a  number  of  corals  and  certain  fish, 

including  Lophadus  hBvissimus,  L.  Ag.,  and  Copodus  comulus,  L.  Ag. ; 

the  middle,  with  abundance  of  Chonetes  papilionacea,  Phill. ;  and  the 

upper,  with  Productua  giganteus.   Since  that  time  one  of  us  (E.  J.  G.) 

has  paid  considerable  attention  to  the  Lower  Carboniferous  strata 

of  the  northern  half  of  the  Pennine  Chain,  and  whilst  corroborating 

the  views  of  the  Belgian  writers  as  to  the  relative  position  of  the 

two  Brachiopods  above  mentioned,  has  also  detected  the  occurrence  of 

other  fossils  in  a  definite  order  in  that  district     So  far,  the  following 

Buocession  has  been  made  out  (in  descending  order) : — 

Beds  with  Froduetus  cf .  Edelburgemu 
„         P.  laUsnimui 
„         P.  giganteut 
„         Chonetes  papilumacea  and 

Chmtetet  septosus 
,,         Spirifera  octoplieata 

The  beds  containing  Productua  latissimus  have  now  been  traced, 
occupying  the  same  relative  position  from  the  Settle  district  of 
Yorkshire  into  Northumberland. 

Starting  in  the  Ingleborough  district,  a  well-marked  horizon  is 
found,  characterized  by  very  fine  specimens  of  Produetus  latissimus, 
occurring  at  the  base  of  the  **  Yoredale  Series  "  in  thin  argillaceous 
limestone  (being  the  limestone  next  above  the  top  of  the  **  Lower 
Scar  Limestone"  in  that  district  =:  second  limestone  of  Sedgwick: 
**  Description  of  a  Series  of  longitudinal  and  transverse  sections 
through  a  portion  of  the  Carboniferous  Chain  between  Penigent  and 
Kirkby  Stephen," — Trans.  Geol.  Soc.  1831,  vol.  iv,  pi.  vi,  fig.  1). 

Proceeding  northward  to  Wensleydale,  the  same  fossil  is  found  in 
a  limestone  apparently  higher  in  the  series,  the  Hard  raw  Scar  Lime- 
Htone  (see  Mem.  Geol.  Survey  Explanation  of  Q.S.  97  N.W.,  p.  200). 
In  the  Cross  Fell  escarpment  P,  latisfimus  occurs  in  the  High  Cup 
Valley  in  the  second  limestone  above  the  Lower  Soar  Limestone 
(Melmerby  Scar  Limestone),  the  latter  being  characterized  at  the 
top  by  the  presence  of  Produetus  gtgantem.  On  the  other  (eastern) 
side  of  the  Pennine  watershed,  P.  tatisBtmus  is  found  everywhere  in 
the  upper  parts  of  the  valleys  of  the  Tyne,  Wear,  and  Tees  where 
the  ''great"  or  "main"  limestone,  in  which  it  is  here  embedded, 
occurs.  The  limestone  with  P.  latissimus  is,  therefore,  separated  by 
6«)veral  intermediate  limestones  from  the  Melmerby  Scar  Limestone. 

Still  further  to  the  north  and  east,  a  thin  limestone  is  found  to  be 

crowded  with  P,  latissimus  on  the  north-east  coast  immediately  south 

of  Ho  wick  Burn,  the  bed  in  which  it  occurs  being  separated  from 

the  Great  Limestone  (at  a  lower  horizon)   by  some  thickness  of 

mechanically  formed  sediments.* 

^  For  further  details  concerning  this  section,  see    (Garwood,  in  "  History  of 
Northumberland,"  by  £.  Bateson,  vol.  ii,  p.  330. 
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The  reason  for  the  existenoe  of  P.  laiiummm§  at  what  is  appareDtly 
a  constantly  higher  horizon '  as  compared  with  tlie  Lower  Scar 
Limestone,  as  we  proceed  northward,  we  hope  to  discuss  elsewhere; 
at  present  we  wish  to  call  attention  to  the  fact  that,  whatever  the 
lithological  characters  of  the  strata,  the  beds  with  P.  laii^nmmi  oocor 
definitely  above  those  with  P.  giganteiu. 

The  wnti^rs  hope  to  obtain  further  information  oonoeming  the 
minor  subdivisions  of  the  Carboniferous  rocks  of  the  Northern 
Pennine  region,  and  in  the  meantime  would  urge  observers  to 
study  the  distribution  of  the  Carboniterons  fossils  in  other  regions. 
The  Southern  Pennine  Chain,  the  neighbourhood  of  the  Bristol 
Coal-field,  and  the  Carboniferous  rocks  of  North  and  South  Y^ales 
would  probably  repay  the  labour  of  a  minute  study;  and  local 
collectors  ai-e  particularly  requested  to  note  the  exact  horizon  of 
each  fossil  which  they  obtain,  a  task  by  no  means  difficult,  with  the 
admirable  detailed  maps  of  the  Geological  Survey  to  serve  as  a 
guide.  The  writers'  ctbservations  coincide  with  thitse  of  others  who 
have  attempted  to  differentiate  minor  divisions  of  the  Carboniferons 
strata,  indicating  that  the  Braohiopods  are  most  likely  to  repay  one 
in  carrying  out  such  work  ;  but  the  remarkable  results  which  have 
followed  from  a  careful  study  of  the  Ainnionites  would  suggest  tbe 
desirability  of  careful  collection  and  examination  of  the  GoniatiU$f 
which  are  pretty  abundantly  found  in  most  districts.  At  the  same 
time,  other  groups  of  fossils  should  not  be  neglected ;  corals, 
especially,  will  probably  yield  valuable  information  in  the  hands  of 
specialists. 

It  is  daily  becoming  more  apparent  that  the  Carboniferous  period 
was  not,  as  some  have  supposed,  a  comparatively  brief  period, 
throughout  which  sediment  accumulated  with  exceptional  rapidity. 
The  remarkable  discovery  by  Dr.  Hiiide  and  Mr.  Howard  Fox  of 
thick  deposits  of  ]{adiolarian  cherts  in  Devon,  Cornwall,  and  Somerset, 
is  of  particular  interest  from  this  point  of  view.  It  can  hardly  be 
doubted,  therefore,  that  fossil  zones,  such  as  have  been  defined  in 
strata  both  older  and  newer,  can  also  be  detected  in  the  beds  of 
Carboniferous  age;  and  if  so,  it  is  fully  time  that  the  necessary 
work  should  be  done  in  strata  of  such  importance.  That  it  has 
not  already  been  achieved  is  a  probable  indication  that  the  task 
will  be  a  more  difficult  one  than  that  of  separating  the  Lower 
Palsozoic  or  Mesozoic  rocks  into  zones,  and  may  probably  be  too 
much  for  one  or  two  workers.  We  therefore  suggested  at  the  recent 
meeting  of  the  British  Association  that  a  committee  might  be  formed 
to  inquire  into  the  possibility  of  dividing  the  Carboniferous  strata  of 
Britain  into  fossil  zones;  that  it  should  be  the  duty  of  the  committee 
to  call  the  attention  of  local  observers  to  the  desirability  of  collecting 
Carboniferous  fossils,  making  accurate  notes  as  to  the  horizon  of 
each,  and  paying  special  attention  to  the  Corals,  Trilobites,  Braohio- 
pods, and  Cephalopods ;  and  that  the  services  of  eminent  s^iecialists 
w})o  have  studied  these  grou[)s  of  fossils  should,  if  possible,  be 
retained  by  llie  comuuU,^^,  Vvi  b\.>\^^  \\i^  «^msiwijk&  submitted  by 
the  local  observers. 
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V. — The  Dkbtbuotion  of  thb  Chalk. 

Bj   Grsntillb   a.   J.   CoLB,    M.R.I.A.,    F.6.S., 
ProfemoT  of  Geology  in  the  Royal  College  of  Science  for  Ireland. 

Itpt.  A.  C.  G.  CAMERON,  of  the  Geological  Survey  of  Englarnl 
iH  and  Wales,  published  in  1893  *  an  aocuunt  of  a  boulder  of  clialk 
so  large  that  the  village  of  Catworth  has  been  built  upon  it,  while 
springs  arise  between  it  and  the  olajs  which  underlie  the  mass. 
Sir  A,  Geikie'  now  reports  the  interesting  discovery  that  "a  cake 
or  floor  of  chalk,  lying  at  the  base  of  the  Boulder-clay,  may  be 
traced  over  an  area  of  more  than  twenty  square  miles  in  the  west 
and  north  of  Huntingdonshire  and  in  northern  Bedfordshire.  It 
crops  out  more  or  less  continuously  along  the  brow  of  the  hills 
under  the  Boulder-clay  and  rests  on  the  Oxford  Clay.  It  probably 
consists  of  many  large  sheets  of  chalk  which,  at  the  beginning  of 
the  deposit  of  the  Boulder-clay,  were  transported  from  the  chalk 
bills  lying  to  the  east  and  north-east." 

Here  we  are  met  by  the  old  question  which  has  so  often  been 
discussed  in  presence  of  the  chalk-masses  of  Cromer.  Have  we 
necessarily  to  do  with  glacial  action  on  a  large  scale,  or  with 
processes  of  disintegration  which  have  broken  up  the  Chalk  almost 
tfi  Btiul  This  massive  limestone,  traversed  by  continuous  vertical 
joints,  is  a  ready  prey,  in  our  cliffs  and  quarries,  to  undermining 
influences,  and  to  the  flaking  action  of  frost  The  great  rock-falls 
of  Dover  or  of  the  Dorset  coast  would  furnish  very  respectable 
boulders  to  any  "drift"  now  forming  in  the  Cliannel.  The  famous 
landslip  of  Axmouth  affected  the  Chalk  to  a  depth  of  more  than 
100  feet,  and  was  accompanied  by  the  contortion  and  upthrust  both 
of  the  older  and  more  recent  strata  along  the  shore.  Hence  blocks 
of  very  various  age  became  mingled  together,  **  invested  with  sea- 
weed and  corallines,  and  scattered  over  with  shells  and  star-fish,"^ 
representing  the  existing  fauna.  Mr.  Mellard  lieade*  has  elaborated 
a  combined  terrestrial  and  drift-ice  origin  for  the  Cromer  boulders  ; 
and,  in  the  discussion  on  his  most  suggestive  paper,  Pix)f.  Hughes 
compared  the  phenomena  to  those  of  the  landslips  near  Lyme  Regis, 
in  the  Isle  of  Sheppey,  and  along  the  river  Clwyd. 

Chalk  resting  upon  clay  along  a  shore-line  is  liable  to  a  rapidity 
of  destruction,  taking  place  on  an  extensive  scale,  which  is  nowadays 
scarcely  realized  by  those  who  dwell  at  some  distance  from  the 
coast.  Since  catastrophic  sea-waves  and  recurrent  deluges  have 
been  all  but  banished  from  our  speculations,  it  has  been  the  custom 
to  ascribe  anything  that  shows  evidence  of  violence  to  the  glaciers 
of  the  Ice  Age;  and  these  glaciers  have  grown  in  dimensions  in 
proportion  to  the  work  ascribed  to  them.     But  the  storms  of  the 

'  ''Notes  on  a  transported  mass  of  Chalk  in  the  Boulder-clay,  at  Catworth,  in 
Huntingdonshire"  :  Glacialists*  Magazine,  vol.  i,  p.  96.  Also  Fortieth  Report  of 
Department  of  Science  and  Art  (1893),  p.  249. 

»  **  Annual  Report  of  the  Geol(^ical  Survey  and  Museum  of  Practical  Geology  for 
1894  *' :  Forty-second  Report  of  Department  of  Science  and  Art.  p.  274. 

»  W.  D.  Cfonybeare,  letter  quoted  by  Lyell,  «•  Principles  of  Geology,"  eighth 
edition,  p.  310. 

^  "  On  the  Chalk-maaaee  or  Boulders  included  in  tYie  CoutotUATiTiSJt  ^l  ^Twasst*'' 
Qaart.  Journ,  GeoL  Soc,,  vol.  xjLXviii  (1882),  p.  2*22. 
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winter  of  1894-5,  ftnd  their  eff«ct«  npoo  tlie  eoMt  of  Coontj  ABtiim, 
maj  teftch  tu  an  important  lesion  in  the  deatracCioii  of  the  Chalk  bj 
nuire  ordinary  nataral  caoiea. 

The  ocmatant  landalipa  at  Garron  Point  and  nenr  Glenaim  hara 
given  ride  to  a  n amber  of  maatea  of  chalk.  OTerridin^  nnd  embedded 
in  the  depoaita  of  the  present  tea,  ao  that  the  coatf,  were  it  nphaaTcd, 
ooald  with  diflScultj  be  diff^rrentiated  from  that  of  Cromer.  Ths 
modem  aanda  of  the  Channel  are  here  mingled  with  the  debris  of 
glacial  "  driAa,"  which  contain  the  fragments  of  ahella  that  marked 
a  of>lder  fieriod.  A  singular  oonfasion  of  matif rials  ooald  thus  ba 
dredged  ap  close  to  the  land,  and  blocks  brought  by  floating  io6 
from  a  distance,  anch  aa  the  eurite  of  Ailaa  Craig,  are  familiar  objecti 
upon  the  shore.  Theae  latter  may  represent,  on  the  scale  ot  oor 
Antrim  illustrations,  the  Norwegian  rocks  in  the  drift  of  Cromer. 

The  great  storms  of  the  last  fortnight  of  December,  1894,  added 
a  large  [lortion  of  the  coast- road  to  the  modern  -*  drift*'  deposits  of 
the  Irish  Channel ;  and  they  have  alao  provided  ns,  on  the  north  side 
of  County  Antrim,  with  an  effective  model  of  the  newly  disoovered 
floor  of  Huntingdonshire. 

I  am  indf-bted  to  Mr.  R  Weldi,  of  Belfast,  for  a  description  of  the 
scene  in  Whitepark  Bay,  between  Carrick-a-iede  and  the  Giants' 
Caufieway.  The  Chalk  and  the  Greensand  here  rest  characteristically 
UfKin  the  Lower  Lias,  the  clays  of  the  latter  series  providing  tlie 
former  with  an  eany  gliding-plane.  Doubtless  the  shore  for  some 
diHtance  seaward  is  formed  of  detached  masses  of  the  Crataceous 
strata;  but  the  storm-waves  have  now  swept  clear  from  sand  aa 
area  of,  un  an  average,  IOjO  feet  by  IW  feet,  its  width  at  the 
centre  l>eing  about  2o0  feet  Mr.  Welch  has,  as  usual,  made  a 
very  succenhful  photographic  record  of  the  itx^ks  exposed  (No.  5119 
in  hiH  geological  series).  Hie  whole  area  is  seen  to  be  covered 
with  bh>ck8  of  chalk,  which  are  often  10  feet  long ;  they  are  almost 
in  cr>ntact,  and  are  bounded  above  and  below  by  their  planes  of 
Htnitifieation,  like  flakes  that  have  been  moved  only  a  short  distance 
from  their  original  jXiftition.  In  the  cleft-like  intervals  between 
them,  the  dark  surface  of  the  Lias  clays  is  everywhere  visible.  It  is 
ax  if  a  tnassive  bed  of  chalk  had  been  broken  up  almost  in  gitu;  and 
we  probably  have  here  a  picture  iu  miniature  of  many  miles  of  the 
HuhTnarine  coast  of  County  Antrim.  The  spaces  between  the  blocks  at 
Whitepark  Bay  will,  in  time,  l)ecome  filled  up  with  modem  beach- 
nmterial ;  and  we  only  want  floating  ice  in  the  Channel  to  embed 
them  in  a  glacial  sand  or  in  a  Boulder-clay.  Their  environment 
will  be  a  shifting  material,  liable  to  compression  and  even  to  con- 
tortion, as  new  masses  ooze  out  slowly  from  the  land.  Mr.  Welch's 
]>hotograph  thus  seems  to  reveal  to  us  what  we  ma}'  call  a  land- 
slide-phase, rather  than  a  catastrophic  landslip-episode,  in  the 
destruction  of  the  Chalk.  I  venture  to  think  that  it  represents  an 
early  phase  in  the  history  of  the  huge  chalk-flakes  and  associated 
drifts  that  are  being  studied  in  England  by  Mr.  A.  0.  G.  Camenm. 
7'iie  picture  is  a  slrik'mg  v^icot^  o'^  v\\^  vjiK^\w>N\\\ftVv  massive  chalk  may 
go  to  pieces,  and  ma^  \)©  moN^^  o\\Vvj«.x^%  w^.  ^  %wv>\fe  ^^^.nrVVJa 
J'efc  preserving  ite  Btrati^©^  aai^w^.  wi^  «•  ofeTValvo.  «nx  ^\  ^vi>:>»5».Vi. 
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yi. — Obsbbyatioms  on  East  Anglian  Bouldbb-olay. 
By  the  ReT.  E.  Hill,  F.G.S.* 

DESCRIBE  some  facts  whioh  have  attracted  my  att^^ntion  in  my 
neighbourhood  as  bearing  on  the  question  of  the  East  Anglian 
Boulder- clays,  and  I  note  the  directions  in  which  these  facts  would 
seem  to  lead  our  ideas.  For  the  most  part  I  limit  myself  to  my 
own  obserYations. 

The  soil  of  my  neighbourhood  is  extremely  heavy.  Boulder-clay 
is  the  subsoil,  and  is  often  turned  up  by  the  plough.  The  great 
lumps  and  clods  are  dried  by  the  sun  into  masses  almost  as  hard  as 
brick.  But  these  iron  clods,  penetrated  by  the  frosts  of  the  severe 
winters  we  have  lately  had,  become  such  that,  after  the  frost  has 
passed  away,  at  the  tap  of  a  stick  they  crumble  into  a  fine  powder 
and  almost  into  dust.  If  such  be  the  effect  of  present  winters, 
what  may  not  have  been  within  the  power  of  winters  in  the  great 
Ice  Age.  It  should  be  noted  also  that  the  matrix  of  the  East 
Anglian  Boulder-day  seems  chiefly  Eimmeridge  clay,  while  that 
of  the  Midlands  is,  1  believe,  chiefly  Eeuper  and  Lias.  These  are 
clays  which  frost  would  pulverize,  and  which  occur  in  the  respective 
regions.  There  is,  then,  no  need  to  call  in  a  glacier  grinding-mill  to 
make  a  matrix  for  the  Boulder-clay.  These  observations  seem  to 
point  to  the  land-ice  theory  being  unnecessary. 

In  the  matrix  of  clay,  besides  flints,  there  lie  pieces  of  chalk  of 
every  size,  from  boulders  measured  by  yards  down  to  the  pea  and 
the  pin's  head.  I  find  it  difficult  to  uiiderstand  how  a  glacier  could 
grind  chalk  to  anything  other  than  powder.  But  frost  makes  the 
face  of  a  clunch  wall  or  chalk  quarry  scale  off,  and  showers  down 
pieces  of  every  size.  The  number  of  these  pieces  in  the  clay  is 
great.  I  have  tried  to  count  the  number  \h  a  definite  area. 
Counting  only  pieces  of  pea  size  and  upwards,  I  have  twice  found 
AS  many  as  ninety  to  the  square  foot.  How  come  these  to  be  so 
intimately  mingled  with  the  clay-matrix. 

Again,  how  are  the  clay  and  chalk  brought  together  at  all  ?  The 
Eimmeridge  clay  all  lies  far  to  the  west  of  Suffolk  ;  I  know  of  none 
nearer  than  Ely.  On  the  other  hand,  chalk  occurs  as  a  constituent 
of  Boulder-clays  in  the  Midlands  far  to  the  west  of  all  Cretaceous 
beds.  Chalk,  then,  has  been  carried  westwards,  and  clay  in  the 
opposite  direction.  What  was  the  agent  which  could  carry  east 
and  west  at  once?  Certainly  not  those  glaciers  whose  courne  can 
be  mapped  by  their  contents.  These  observations  seem  to  indicate 
that  the  land-ice  theory  is  impossible. 

In  digging  wells  many  blocks  of  chalk  and  limestone  brought  up 
are  found  to  be  striated  or  scratched.  One  such  (which  was  shown), 
from  a  well  at  Felsham,  is  scratched  on  one  side  only ;  the  other 
side  is  a  mass  of  fossils,  unscratched.  It  may  be  a  Hplit  portion  of 
a  larger  block,  or  it  may  have  had  one  side  protected  by  ice.  But 
in  any  case  clearly  it  was  scratched  first  and  placed  in  the  clay 

'  A  paper  read  at  the  Ipewich  Meeting  oi  tViQ  ^nXVsSti  Ks^cA<a&Qr&.* 
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afterwards.  If  tbe  itone  and  the  daj  were  deposited  together,  laii 
deposited  hj  water,  the  appearance  is  intelligihie.  The  natnrd  ex- 
planation ia  that  the  Bonlder-claT  was  dqiosited  in  water,  and  tiui 
ioe,  floating  OTer  thia  water,  carried  stonea  and  dropped  them. 

The  claj  is  found  in  We«t  Suffolk  ap  to  heighta  of  340  feet;  bet 
none  of  the  neigfabonring  oatcn>pt  of  chalk  rea<^  300  feet.  I  hvn 
attempted  to  trace  the  oontoar-line  of  300  feet  from  the  Teee  to 
the  Thames.  The  tracing  shows  that  dialky  Bonlder-claj  in  Esft 
Anglia  attains  a  higher  lerel  than  any  groand  northwards  ap  to  tbe 
Linoolnsbire  Wolds.  Even  there,  the  elevated  area  of  chalk  ii 
smaller  than  the  equally  elevated  area  of  East  Anglian  day.  Be- 
siiles,  Mr.  Deeley  tells  us  that  chalk-drift  is  found  in  Leicesterahire 
np  to  800  f«et,  which  is  far  higher  than  any  Northern  chalk.  It 
seems,  therefore,  natural  to  suppose  that  much  chalk  oountry  wts 
then  relatively  higher  than  now ;  accordingly  that  a  tilt  of  tbe 
aurface  has  taken  place  since  Glacial  timea.'  Tliis  is  similar  to 
a  conclusion  which  Prof.  Prestwich  arrived  at»  on  the  independent 
evidence  of  his  Westleton  lie<ls. 

Another  observation  of  mine  may  have  a  significance.  In  some 
brickyards  a  coarse  clay  is  groniid  up  with  water  and  allowed  to 
settle  in  shallow  pits.  A  similar  material  is  produced  in  Cambridgw^ 
shire  when  the  mud,  washed  off  from  coprolites,  has  been  run  into 
the  '  slurries.'  When  I  have  seen  these  pits  cut  into,  their  materisl 
in  its  texture  has  8ometim«*s  strongly  recalled  to  me  some  of  tbe 
finer  varieties  of  BouMer-clay — for  instance,  the  chocolate-coloured 
clay  of  Holderness.  Thitf  likeness  sii^getits  that  the  deposition  of 
BouMer-cIay  was  a  process  which  went  on  rapidly.  If  so,  tbe 
formation  may  have  taken  place  in  less  time  than  we  are  accustomed 

to  8Up|K)Me. 

The  al)ove  observations,  then,  taken  together,  suggest  the  picture 
of  a  broad  sheet  of  water  surnmnded  by  slopes  of  clay  and  scarp* 
of  chalk.  These  are  to  be  broken  and  pulverized  by  winter-frosts, 
and  washed  down  in  muddy  torrents  by  spring  or  summer  rains, 
while  stones  etnbedded  in  ice  are  also  carried  down,  scratched  in  the 
transit,  and  floated  far  before  they  are  dropped.  But  the  surface  of 
these  waters  cannot  be  still,  nor  even  flowing  in  a  uniform  direction. 
There  munt  be  tides,  eddies,  or  varying  winds,  since  something 
seems  required  to  drift  the  ice-rafts  across  the  movement  of  the 
muddy  waters,  so  as  to  produce  the  mixture  of  materials  which 
we  find. 

I  have  confined  myself  to  my  own  area  and  my  own  observations; 
also  I  have  made  no  attempt  to  answer  the  difficulties  which  may  be 
rniNed.  There  are,  however,  two  obvious  objections  on  which  some- 
thing may  be  said.  It  is  urged  that  if  the  Boulder-clay  be  of 
aqueous  origin,  it  ought  to  contain  fossils  and  be  stratified.     If  my 

*  Thi»  ar^nicnt  of  course  assumes  the  conclusions  previously  arrived  at.  Those 
wh(»  intiintjiin  ^lucier- transport  sliould  hear  in  mind  that,  unless  levels  have  changvd, 
the  ice  must  have  bei>n  at  a  yet  higher  level  above  the  spot  whence  it  brought  the 
chalk.  If  tills  came,  for  instance,  from  Speetou,  Fkmborougb  Head  must  then 
have  been  buried  beneath  500  feet  of  ice. 


T.  Mellard  Reade — BriUah  Geology.  667 

iQf^gestion  that  it  was  formed  rapidly  have  any  truth,  fossils  need 
not  be  expected.  Thick  muddy  waters  would  probably  be  quite 
unfitted  for  life.  I  do  nut  think  there  are  fish  in  the  muddy  Swiss 
glacial  streams.'  .And  the  artificial  clays  I  have  described  some- 
times show  little  or  no  stratification  on  a  small  scale.  On  a  large 
scale  the  Boulder-clay  is  stratified.  I  liave  seldom  gone  far  without 
finding  traces  of  this.  Often,  indeed,  it  is  as  clearly  stratified  as  any 
other  day. 

There  are  doubtless  many  other  difficulties,  some  of  which  may  be 
fatal.  I  offer  this  paper  as  an  independent  contribution  to  a  most 
controverted,  and  therefore  most  attractive,  question. 


YII. — British  Geology  in  bblation  to  Earth-Folding  and 

Faulting.' 

By  T.  Mbllabd  Rkadb,  C.E.,  F.G.S.,  F.R.I.B.A. 

THE  history  of  every  science  may  be  compared  to  the  ascent  of 
lofty  and  diversified  mountains,  in  which  level  benches  and 
plateaux  alternate  with  steep  and  rugged  slopes.  The  first  explorers, 
beginning  at  the  base,  toil  upwards,  hardly  knowing  which  course 
to  take,  and  having  little  idea  of  the  country  that  lies  before  and 
above  them.  But  they  toil  on,  gathering  information  as  they  go, 
until,  reaching  a  level  resting-place,  they  can  look  back  and  form 
a  more  accurate  conception  of  the  country  they  have  traversed. 
Still,  they  can  see  but  a  little  way  upwards,  much  less  perceive  the 
summit,  but  ascend  they  must,  gaining  an  ever- widening  view  and 
grander  and  more  just  conceptions  of  the  wide  world  below. 

It  is  thus  that  the  study  of  geology  has  progressed.  By  the 
combined  operation  of  an  army  of  explorers  a  vantage-ground  has 
been  obtained  from  which  we  are  enabled  to  review  our  position  and 
determine  upon  the  next  point  of  attack. 

The  history  and  succession  of  the  rocks  have  been  traced,  their 
position  in  time  and  in  part,  their  location  in  space — but  the  latter 
knowledge  can  never  be  complete  until  the  whole  world  has  been 
surveyed,  both  above  and  below  the  waters ;  now  a  seemingly 
impossible  task :  yet  who  shall  speak  for  the  future  ? 

By  the  aid  of  numerous  geologists,  both  great  and  humble,  of  all 
climes  and  countries,  manfully  working  towards  a  common  end,  the 
order  of  succession  has  been  outlined,  and  a  fair  but  very  crude 
knowledge  of  the  earth's  history  reached.  So  far  as  palaeontology 
and  stratigraphy  can  speak,  they  tell  us  a  good  deal,  but  we  cantiot 
realize  the  meaning  of  it  all  without  the  aid  of  correct  physical 
conceptions  to  reveal  the  processes  of  the  wonderful  earth-history 
which  lies  buried  under  our  feet. 

It  is  with  this  object  that  I  ask  your  indulgence  this  evening  in 
mentally  travelling  with  me  over  the  British  Isles  to  see  what  help 
we  can  get  from  known  British  geology. 

1  In  the  discussion  on  this  paper  it  was  stated  that  the  Dora  Baltea,  though  thick 
with  glacier  mud,  contains  excellent  tish. 
'  Presidential  Address  to  the  Liyerpool  Geological  Society,  1895. 


553  J.  Mtllard  Bfmde—Briiiah  Geohgy. 

FacU  •/  Bnti%h  GeoUgff. 

An  examination  of  a  good  gvologioal  map  of  England  and  Wtka, 
■nch  aa  that  known  as  Greenoogii'a.  pnblished  bj  the  Geologicil 
Society,  shows  at  once  that  the  older  rocks  from  the  Gambriaa 
to  the  Carbonifen.>as  oonstitote  the  bulk  of  the  more  eaaenttally 
monntsin  areas. 

Thus.  North  Wales  is  mainly  Cambrian  and  Siloiian ;  Cumberisad 
and  Westmoreland  are  largely  composed  of  equivalent  rocks,  snr- 
roonded  with  a  fringe  of  Carbon iferoos,  which,  more  greatly  doTeloped 
in  Northumberland.  Durham.  Yorkshire,  and  Derbyshire  forms  ths 
mountainous  district  of  the  Pennine  Chain,  the  ao-oalled  backbone  of 
Northern  England.  Leaving  out  of  consideration  for  the  moment 
the  pre-Carobrian  rocks  of  Anglesey  and  Shropshire,  it  is  in  the 
Cambrian  and  Silurian  that  the  greatest  deformations  and  foldingi 
have  taken  place.  Lying  conformably  upon  the  Upper  Silurian  is 
Herefordshire  and  Brecknockshire  is  the  great  thickness  of  Old  Bed 
Sandstone,  more  horizontally  developed,  but  yet  in  the  Beacons  of 
Brecon  and  the  Fans  of  Carmarthen  rising  as  mountains  from  two 
to  three  thousand  feet  high.  These  are  overlaid  conformably  by  the 
South  Wales  Carbiiniferous  rocks.  In  the  North  the  Carbtmiferoiii 
Limestone  lies  unoonformably  upon  the  Silurian,  the  Old  Bed  being 
practically  absent.  These  Carboniferous  rocks  are  in  places  oon- 
siderahly  folded,  the  Pennine  Chain  itself  being  an  anticlinal  axil, 
while  the  Devonian  and  Carboniferous  in  Somerset  and  Devon  sis 
folded  often  at  high  inclinations  in  the  Qnantocks  and  the  Mendips. 

Surrounding  these  anticlinal  areas,  and  in  the  depression  between 
them,  the  Permian  Limestone  breccias  and  sandstones  and  the 
Triassic  sandstones  and  marls  lie  unoonformably  upon  the  Carbou- 
iferous  rocks,  and  much  of  this  country  is  hilly,  but  cannot  be 
correctly  designated  mountainous,  llie  whole  of  the  group  of  rocks, 
from  the  Cambrian  to  the  Trias,  occupy,  roughly  speaking,  the 
western  half  of  England,  including  Wales,  but  the  eastern  half  of 
England  is  constituted  of  a  succession  of  younger  formations,  from 
the  Khfetic  to  the  Pliocene.  The  Bhaetic  constitutes  the  passage 
from  tlie  Trias  to  the  Lias,  and,  though  nowhere  developed  on  an 
extensive  scaler  is  interesting  as  showing  a  conformable  succession 
which  is  unbroken  through  the  Oolites  to  the  Upper  Cretaceous. 
Between  the  Cretaceous  and  Eocene  is  an  uncoutbrraable  break 
representing  a  great  time  interval  separating  the  Cretaceous  and 
Tertiary,  which  is  further  confirmed  by  the  complete  change  in  the 
fauna  and  flora.  The  Eocene,  Miocene,  and  Pliocene  are  conform- 
able, and  with  them  ends  what  is  called  the  solid  geology  of  the 
country,  the  succeeding  deposits  lieing  Pleistocene,  Glacial,  and 
post-Glacial,  consisting  mostly  of  clay,  sands  and  gravels,  Boulder- 
clay  and  alluvium. 

It  is  thus  seen  that  the  western  half  of  England,  together  with 
Wales,  possess  the  mountainous  districts  par  excellence,  while  the 
eastern  half  is  distinguished   by  gently  undulating  or  horizontal 

ita,  with   sharp  ^o\v\*  \otK\ei  m  wv\vi\\  vc^^sc^^  ^%  va  the  lAe  uf 
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That  the  Lias  had  formerly  extended  over  a  oonsiderable  area 
of  the  western  half  is  shown  by  the  preservation  of  outliers  in 
Shropshire,  Staffordshire,  and  Cumberland,  and  prima  facte  it  is 
probable  that  the  overlying  formations  have  also  at  one  time  in 
geological  history  been  present  To  a  student  of  physical  geology 
a  glanoe  at  the  geological  map  of  England  is  sufficient  to  show 
that  the  outcrop  of  the  Lias  extending  from  the  Severn  to  the  Tees 
is  an  escarpment  of  denudation. 

It  must  not  be  supposed  for  a  moment  that  Britain  represents 
the  normal  physiographic  condition  of  the  various  formations  all 
over  the  world,  and  that  the  mountain  areas  are  always  the  oldest. 
Quite  the  contrary.  Li  the  Alps,  Himalayas,  and  Rockies,  in  the 
mountains  of  the  Caucasus  and  Central  Turkestan,  it  is  the  younger 
formations  that  constitute  the  highest  members  of  the  mountain  belts, 
and  it  is  generally  conceded  that  the  bulk  of  the  mountain-making 
in  these  chains  has  been  geologically  a  late  event. 

Of  course  in  great  mountain  chains  we  may  have,  and  generally 
do  have,  the  older  rocks,  even  to  the  Archean  gneisses  and  schists 
thrown  up  and  exposed  in  their  axial  folds.  This,  however,  as  a 
rule,  only  shows  that  the  earth  movements  to  which  they  owe  their 
birth  and  growth  have  been  extreme  and  profound,  involving  the 
deep-lying  sediments,  and  even  their  foundation  rocks,  in  the  geneial 
movement.  We  thus  see  that  there  is  no  intimate  relationship 
between  the  age  of  the  rocks  of  which  mountain  areas  are  composed 
and  the  existence  of  the  mountains  themselves. 

The  Mountain  Areas  of  England  and  Wales  as  related  to  the  thickness 
of  the  sedimentary  and  other  deposits  of  which  they  are  composed 

llie  Lower  Cambrian  Bocks  of  South  Wales  are  estimated  to  have 
a  thickness  of  from  3500  to  4000  feet,  and  are  supposed  to  be  over 
8000  feet  in  North  Wales.  The  Upper  Cambrian,  where  well 
developed,  attain  a  thickness  of  from  5000  to  6000  feet.  The 
Ordovician,  or  Lower  Silurian  of  the  Survey,  is  estimated  at  from 
12,000  to  25,000  feet;  in  Shropshire,  according  to  Murchison,  18,000 
feet ;  and  between  the  Menai  Straits  and  the  Berwyus  19,000  feet. 
The  Silurian,  or  Upper  Silurian  of  Murchison  and  the  Survey,  may 
be  14,000  feet  in  the  north-west  of  England,  and  from  3000  to  6000 
feet  in  Wales.  The  total  thickness  of  British  Silurians,  Lower  and 
Upper,  is  stated  by  Murchison  to  be  from  26,000  to  27,000  feet. 
Thus,  from  the  base  of  the  Cambrian  to  the  top  of  the  Silurian  cannot 
be  less  than  35,000  feet. 

We  thus  arrive  at  the  grand  aggregate  thickness  of  from  six  to 
seven  miles  of  rocks  constituting  the  most  mountainous  parts  of 
England  and  Wales.  These  rocks  have  suffered  more  intense 
deformation  than  any  of  the  overlying  formations,  and  have,  as 
first  lucidly  explained  by  Bamsay,  suffered  enormous  denudation 
since  .their  folding  and  upheaval.^ 

^  **  Denudation  of  South  Wales  and  the  adjacent  EngUsbi  Goimtleft'' ;  Mfi^<^vc% 
of  tha  Qoological  Suivejf  yo\,  i. 
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The  only  break  in  the  series  of  any  moment  oocurs  between  the 
Ordovician  and  Silurian.  There  can  be  very  little  donbt  that  their 
areal  extension  was  proportionately  as  grtfat  as  their  thickneMi 
Between  the  Carl)onifen»Q8  and  the  Silurian  there  is  a  strong 
unconformity  in  the  north  of  England  and  North  Wales,  hut  tliit 
is  bridged  over,  as  already  explained,  in  Shropshire,  Herefordshire, 
and  South  Walni,  by  the  Old  Red  Sandstone,  estimated  at  10,000 
feet.  The  Silurian  shades  upwards  into  the  Old  Red  by  well« 
defined  passage  beds,  to  be  seen  in  many  sections,  while  the  Old 
Red  graduates  into  the  Carboniferous  in  no  less  perfect  a  manner. 

Tlie  Carboniferous  is  nn  extensively  developed  formation  in  Britain. 
The  base  of  Mountain  Limestone  varies  in  thickness  from  1000  feet 
in  Monmouthshire  to  3000  feet  in  the  Mendips  in  Somerset,  while 
in  Derbyshire  it  is  1600  feet,  in  the  Vale  of  Eden  2000  feet,  and  in 
Llangollen  1200  feet  thick.  The  Millstone  Grit  reaches  a  maximum 
of  5000  feet,  the  Coal-measures  of  South  Wales  7000  to  8000  feet, 
and,  according  to  Logan,  reaches  10,000  to  12,000  feet  in  Mon- 
mouthshire, Qlamorganshire,  and  Pembroke.  In  Lancashire  the 
Coal-measures  are  6600  feet,  though  the  upper  portions  have  heen 
denuded.^ 

If  we  add  these  fig^ires  to  the  Cambrian  and  Silurian  we  arrive  at 
a  grand  total  of  55.000  feet,  but  it  is  not  to  be  inferred  that  this 
occurs  in  any  one  place.  Ramsay  estimates  the  Silurians,  Lower 
and  Upper,  the  Old  Red,  and  Coal-measures  in  Sonth  Wales  at  from 
20,000  to  33,000  feet  (Mem.  of  Geol.  Survey,  vol.  i,  p.  316). 

It  is  of  these  enormously  developed  rocks  that  the  typical  mountain 
areas  of  England  and  Wales  are  composed.  The  question  may  well 
suggest  itself  to  us  whether  there  is  not  here  a  relation  of  cause  and 
effect.  We  have  seen  that  with  the  exception  of  the  break  between 
the  Ordovician  and  Silurian  there  has  been  continuous  deposit  of 
sediment  from  the  beginning  of  the  Cambrian  to  the  end  of  the 
Silurian,  and  still  further,  that  in  the  Old  Red  Sandstone  districts 
this  sedimentation  apixmrs  to  have  gone  on  almost  uninterruptedly 
to  the  close  of  the  Carboniferous.  It  is  certainly  a  striking  fact  that 
a  portion  of  the  earth  loaded  with  sediment  to  the  vertical  extent  of 
some  five  to  ten  miles  should  be  the  very  spot  where  the  earth's  crust 
has  been  elevated  not  less  than  four  miles,  according  to  Ramsny, 
and  where  even  now  the  basal  wrecks  of  these  former  giganlio 
elevations  should  reach  3000  feet  above  the  sea-level.  Consider  for 
a  moment  what  five  miles  of  consolidated  sediment  means.  It  is 
equal  to  a  load  of  2000  tons  per  square  foot  on  the  normal  crust 
of  the  earth. 

This  loading  doubtless  squeezed  and  shifted  laterally  some  of  the 
deeply  lying  and  more  mobile  matter  underlying  the  normal  crust, 
until  a  balance  of  stability  was  attained.  Then,  by  a  process  of 
expansion,  the  effect  of  a  necessary  rise  of  temperature  of  the  old 
crust   and   overlying  deposits,   the   conditions   were   reveraed :  the 

*  The  aiithoriti(j8  for  th(«e  statements  are  principally  Murchison  and  RamMV, 
tof^ether  with  othcT  autYvonUe*  <\\io\AA  \>^  \3L.  '^.  ^^Qoi^wd  in  the  **  Geology  of 
Eufrland  and  Wales." 
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lengthening  beds,  unable  to  expand,  laterally  folded  upon  themselves, 
and  the  whole  mass  of  sediment,  by  cubical  expansion,  increased  in 
volume  to  the  extent  shown,  by  the  rise  of  the  mountain  mass  above 
the  sea-level.  But  we  are  not  to  limit  this  action  to  the  immediate 
monntain  area,  for  the  flanking  area,  probably  largely  constituted  of 
more  horizontal  beds,  now  covered  by  newer  deposits  by  successive 
lateral  expansions,  added  to  the  folding  and  heaping  up  of  the 
mountain  masses. 

AreaB  occupied  hy  the  Bocks  newer  than  the  Carboniferous. 

If  this  relation  between  extensive  and  massive  sedimentation 
and  mountain-making  stood  alone  it  might  justly  be  considered  as 
merely  accidentaL  I  have,  however,  elsewliere  shown  that  such 
relations  may  be  traced  in  every  known  great  mountain  range ;  that 
formations  here  thinly  developed  and  horizontal  are  in  the  Alps 
and  Pyrenees,  to  go  no  further  afield,  extensive,  thickly  developed, 
and  thrown  into  immense  mountain  masses. 

In  Britain  the  Permian  and  Trias,  which  lie  unconformably  upon 
the  Carboniferous,  reach  a  thickness  of  some  6000  feet,  but  the 
variation  of  thickness  is  very  considerable  from  the  overlapping  of 
these  formations  on  the  mountain  slopes.  They  are,  however,  as 
a  rule,  more  affected  by  folding  and  faulting  than  the  succeeding 
formations,  and  constitute  some  considerable  hills  and  escarpments. 

The  Jurassic  and  Cretaceous  occupy  the  largest  part  of  the  eastern 
half  of  England,  and  may  be  put  down  at  perhaps  5000  feet,  and 
the  Tertiary  at  say  1500  feet;  the  total  thickness  of  the  BritiHh 
rocks  from  the  Permian  to  the  Tertiary  inclusive,  working  out  to 
about  12,500  feet.  It  is,  however,  very  questionable  whether  such 
an  aggregate  thickness  occurs  in  any  one  locality ;  while  in  the 
case  of  the  older  rocks,  from  the  base  of  the  Permian  down  to  the 
base  of  the  Cambrian  they  are  developed  in  great  thickness  in  direct 
superposition. 

Characteristics  of  the  Folding  of  the  Eastern  and  Western  Areas  of 

England  and  Wales  contrasted. 

The  rocks  already  described  as  occupying  the  eastern  half  and 
south  of  England  are  characterized  by  long  low  folds  breaking  into 
sharp  anticlinals  and  synclinals  at  a  few  points  only,  such  as  in 
the  Chalk  at  Flam  borough  Head  and  in  the  Tertiaries  of  the  Isle 
of  Wight,  the  eroded  edges  of  these  long  folds  forming  the 
characteristic  escarpments  stretching  across  the  country  in  a  south- 
westerly and  north-easterly  direction.  Sharply  contrasted  with  these 
long  undulations  are  the  strata  forming  the  mountain  nuclei  of 
Wales  and  Cumberland,  where  we  find  the  rocks  sharply  bent  and 
compressed,  the  remnants  of  the  primitive  folds  forming  by  denuda- 
tion the  mountain  scenery  as  now  beheld  by  us.  Intermediately  we 
find  areas  of  the  Carboniferous  and  Old  Bed  having  a  horizontal 
development,  such  as  is  to  be  seen  in  the  Carboniferous  of  the 
neighbourhood  of  Whernside  and  Ingleborough,  and  can.  b^  ^%W 
studied  near  to  Dent,  where  the  muoU  conU>t\«^  ^\\\m«w^  vc^  \xv 
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jasfaponticfi  to  the  le«  diitarbed  Qgfaoniftifwii,  die  latter  hm^ 
Ik  down  bj  en  enonnoiH  fealt  of  meaoerteiiied  throw.  Agm^  m 
Herefordehire  end  Sooth  Walee  we  eee  e  ooneiderable  extent  of 
horiasDotal  Old  Bed,  wLich,  as  it  epproediee  the  Silnrien  moDDfak 
folds,  beeomet  ittelf  oonfonneblj  inclined. 

Not  lef«  interesting  end  instmcciTe  ere  the  dome-like  stroctmM, 
soch  as  the  celebrat^  dissected  Silurian  dome  of  Woolhope,  which 
rises  in  sooonsiTe  rings  throogh  the  Old  Bed.  which  it  oeniesoa 
its  flanks.  May  Hill  is  enother  similar  stroctiire,  not  so  perfectlj 
formed  and  also  bisected  bj  faalting  against  the  Triae. 

The  pbjsical  constitution  of  Herefordshire  end  Brecknockdiiie  if 
brgel  J  a  horizontal  plane  of  Old  Bed  Sandstone,  which,  where  it 
approaches  the  folded  Silarian  areas  at  the  margins  or  round  the 
enclosed  domes,  takea  on  the  folds  of  the  older  rocke  on  which 
it  iiee. 

SiUrian  and  Old  Bed  of  ike  Samik-eaei  of  Seollamd. 

It  will  be  instmctiTe  now  to  tarn  oar  attention  to  the  rocks  of 
a  similar  age  to  be  seen  dissected  in  the  splendid  line  of  cliffis  frois 
Berwick-on-Tweed  to  the  far  north  of  St  Abbe  Heed  and  Sieotr 
Point  Here  the  Silarian  (Lower  Silarian)  are  in  tense!  j  folded, 
and  instead  of  the  conformable  sacoession  from  the  Silarian.  tbroegh 
the  Old  Ked  and  Carboniferons  which  we  have  jnst  aeen  obtains  in 
Herefordshire  and  South  Wales  we  see  the  Upper  Old  Red  Ssnd- 
sUme  conglomerate  resting  upon  the  edges  of  the  Liower  Silurian  ia 
the  strongest  iincjnfomiitj.  Well  may  the  jnstly  celebrated  Hotton 
have  ezhibiteil  this  |ihenonienon,  as  seen  at  Siccar  Point,  as  one  of 
the  be8t  illustrations  of  the  views  he  developed  in  the  ''Theoiyof 
the  Earth." 

S<)  perfectly  are  the  two  formations  cemented  together  that  it  is 
possible  to  get  hand  specimens  of  the  unconformity.  It  woald 
apfiear  that  while  the  sei^iments  of  South  Wales  were  being  lai«l 
down  in  quiet  waters  from  the  l>eginning  of  the  Upper  Silurian  to 
the  close  of  the  Carboniferons,  the  succession  of  events  was  several 
times  Iiroken  in  Scotland,  as  shown,  not  only  by  the  strong  nncon- 
forniity  already  spoken  of  between  the  Upper  Old  Red  and  the 
Lower  Silurian,  which  I  have  myself  seen,  but  by  the  unconformity 
Sir  Archibald  Geikie  shows  exists  between  the  Lower  Old  Red 
and  the  Lower  Silurian,*  and  even  between  the  Upper  and  Lower 
Old  Red^;  and  he  further  states  "that  tlie  pjreat  earth  raoveraents 
which  plicated  the  Highlands  and  Southern  Uplands  were  probably 
simultaneous,  and  took  place  chiefly  during  the  long  series  of  agefl 
represented  by  UpjH^r  Silurian  deposits." '  As  the  Upper  Silurian  in 
Lanarkshire  passes  gradually  into  the  overlying  Old  Red  Sandstone/ 
it  is  probable  that  the  break  between  the  Upper  and  Lower  Silurian 
we  have  seen  exists  in  England  and  Wales  also  extends  to  Scotland, 
llie  succession  of  events  in    the   latter  country   are  indeed  more 

*  "The  Oeolojry  of  Eastern  Berwickshire"  :  Memoirs  of  Geological  Survey,  p.  20. 
**  Sc«;nerv  aii<l  Geolog)'  of  Scotland,"  s<>con(]  edition,  p.  122,  also  p.  138. 
»  Ibid,  p.  329.  »  Ibid.  p.  299.  *  Ibid.  p.  327. 
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complex  aiid  difficult  to  traoe  than  in  South  Britain,  but  it.  is 
Bafficient  for  the  present  purpose  simply  to  mention  them  as  all 
pointing  towards  the  immense  range  of  geological  time  represented 
by  the  oonformable  Upper  Silurian  Old  Bed  Sandstone  and  Carbon- 
iferous of  South-west  Britain. 

ThichneBB  and  Extent  of  Bock  Formations  a  measure  of  their  plication^ 

The  preceding  sketoh  is  little  more  than  the  barest  outline  of 
geological  events  recorded  in  the  rocks  of  our  own  island,  yet 
attentively  studied  the  following  facts  stand  out  prominently  : — The 
sedimentary  rocks  which  were  deposited  in  the  greatest  volume  are 
those  also  that  subsequently  became  most  plicated.  Though  they 
were  the  earliest  laid  down  they  even  now  constitute  the  distinctly 
mountain  masses  of  Britain,  and  possess  actually  the  highest  peaks 
and  the  highest  average  elevation.  When  it  is  considered  that  these 
mountainB  have  been  exposed  to  the  destroying  agencies  of  denu- 
dation for  an  enormous  period  of  geological  time,  and  still  stand 
pre-eminent  above  those  built  out  of  younger  formations,  we  may 
perhaps  picture  to  ourselves  in  some  slight  degree  the  extent  of  the 
original  mass.  Not  only  are  the  Cambrian  and  Silurian  formations 
here  of  enormous  thickness,  but  they  are  of  surprising  and  unknown 
extent,  and  they  are  found  whenever  denudation  has  proceeded  far 
enough  to  bare  them  to  the  eye. 

Again,  the  Carboniferous,  taken  together  with  the  Devonian  and 
Old  Red  Sandstone,  occupying  the  second  place  in  the  mountain 
structure  of  the  British  Isles,  consist  of  great  masses  of  sediment, 
not  indeed  rivalling  the  Silurian  in  volume,  but  of  great  extent  and 
thickness,  though  much  denuded.  Some  portions  are  considerably 
folded,  and  most  are  greatly  faulted,  but  as  a  whole  do  not  show 
anything  like  the  signs  of  lateral  compression  which  are  seen  in  the 
Cambrian  and  Silurian. 

The  Permian  and  Triassic  rocks  come  next  in  time  and,  curiously 
enough,  in  importance  as  regards  thickness,  and  the  country  they 
occupy,  if  not  mountainous,  possesses  a  more  faulted  structure  than 
any  of  the  following  formations,  and  is  of  a  more  hilly  character. 

When  we  ascend  to  the  Lias,  Oolites,  and  Cretaceous,  then  the 
beds  become  more  continuous,  horizontal,  and  lees  faulted.  Folds, 
and  sharp  ones,  are  to  be  met  with,  but  these,  as  a  rule,  are  local, 
the  lateral  pressure  to  which  they  were  subjected  having  been  less, 
and  concentrated  at  fewer  points.  The  same  peculiarities  apply  to 
the  Tertiary  rocks,  perhaps  in  a  stronger  degree. 

Relation  of  Orographic  Structures  to  the  mass  of  the  sediment 

composing  them. 

I  trust  that  I  have  now  said  sufficient  to  show  that  there  is  in 
the  British  Isles  an  intimate  connection  between  the  depth,  extent, 
and  mass  of  the  several  great  deposits  marking  the  progress  of 
geologically  recorded  events,  and  the  structures  into  which  they 
have  been  severally  raised. 

The  mountain-building  and  the  foldings  and  the  faultings  are. 
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rough!  J  speaking,  found  to  be  proportionate  to  the  original  man  of 
the  depoeits  out  of  whioh  they  have  been  fashioned  by  earth  foioea 
If  theee  facts  stood  alone  they  might  be  considered  nothing  mois% 
than  curious  coincidences.  If,  however,  we  oast  oar  eyes  abroad 
to  the  great  continents  we  find  that  similar  principles  hold  good, 
and  that  the  mountain  massives  are  related  the  world  over  to  the 
thickness  and  volume  of  the  deposits  out  of  which  they  have  been 
fashioned.  Thus,  the  Alps,  the  mountains  of  the  Caucasus,  the 
Himalayas,  are  Tertiary  structures;  the  Appalachians  and  Uralii 
Carboniferous ;  and  these  mountain  chains  are  constmoted  of 
enormous  thicknesses  and  volumes  of  sedimentary  rooks. 

Expansion  and  Contraetion  the  cause  of  Folding  and  FauUings. 

We  may  well  ask  ourselves  why  this  relation  between  volume  of 
sediment  and  greatness  of  disturbance  should  be  so  constant,  and 
any  theory  of  mountain  genesis  must  necessarily  explain  theee 
associated  facts.  The  once  favourite  hypothesis  which  accounts  for 
them  by  a  shrinkage  of  the  nucleus  of  the  earth  and  the  chising  in 
of  the  non-shrinking  crust  upon  it,  and  consequent  folding  by 
tangential  pressure,  fails  to  explain  the  eonstancy  of  the  connection 
of  great  thicknesses  of  sedimentary  rocks  with  the  evolution  of 
mountain  ranges. 

Neither  does  the  principle  of  isostaoy  so  insisted  upon  by 
American  geologists  explain  the  compression,  folding,  and  bailding 
up  of  great  masses  of  sediment  into  mountain  ranges.  On  the 
principle  of  isoBtacy,  it  must  be  obvious  to  anyone  possessing  even 
a  rudimentary  acquaintance  with  mechanics  that  the  sinking  of 
the  bed  of  tlie  seas  on  which  great  deposits  are  accumulating,  and 
to  some  extent  a  rise  of  surrounding  land,  may  be  explained,  but 
not  the  lateral  compression  and  elevation  of  the  sediments  themselves 
into  mountain  ranges. 

Where,  then,  are  we  to  look  for  the  agency  constantly  associated 
with  the  deposit  of  great  volumes  of  sediment  which  is  capable  of 
eventually  upheaving  them  from  below  the  sea-level,  and  by  lateral 
compression  and  folding  throwing  them  into  mountain  chains  ? 

Again,  when  after  the  lapse  of  lengthened  periods  of  geological 
time,  denudation  has  cut  away  and  removed  into  the  sea  large 
masses  of  elevated  land,  what  agency  is  it  that  causes  it  to  shrink 
an<l  become  traversed  by  great  lines  of  faulting  ? 

It  appears  to  me  now,  even  more  vividly  than  it  has  done  in  the 
past,  that  the  only  agency  with  which  we  are  acqnainted  conRtantly 
associated  with  sedimentation  and  denudation,  and  capable  of  these 
enormous  dynamical  effects,  is  change  of  temperature :  that  expan- 
sion by  increase  of  heat  is  the  cause  of  the  folding,  compression,  and 
upheaval  of  rocks,  while  loss  of  heat  and  consequent  shrinkage  is  the 
cause  of  the  earth  fractures  known  as  normal  faults.  This  principle 
I  explained  fully  in  1886  in  my  "Origin  of  Mountain  Ranges"; 
since  then  the  theory  has  been  subjected  to  much  criticism*  ranging 
from  a  questioning  o^  U\tv^«A!cl^\\V8\  -^t^^s^'^^'^  ^^^itkv  to  a  minor 
examination  of  smaW  delaW^ 
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The  fundamental  position  has,  I  maintain,  not  been  shaken,  either 
by  mathematical  physios  or  geological  facts.  The  more  the  theory 
is  tested  by  the  light  of  practical  geology  the  more  remarkable  is  the 
explanation  it  affords  of  the  associated  phenomena  of  sedimentation 
and  mountain-building ;  denudation  and  faulting.  Furthermore,  no 
other  theory  yet  brought  forward  attempts  to  offer  an  explanation  of 
more  than  one  set  of  these  phenomena,  namely,  those  of  compression. 
Normal  faulting  cannot  be  accounted  for  by  compression,  yet  the 
rival  theory  of  tangential  pressure  on  the  crust  through  the  shrinkage 
of  the  earth's  nucleus  provides  for  compression  only.  Contraction, 
by  which  I  have  shown  that  normal  faults  are  produced,  is  not  part 
of  the  machinery  of  any  other  theory  than  the  one  associated  with 
my  name. 

I  ask  geologists  to  bring  to  the  consideration  of  these  great 
problems  clearness  of  vision,  for,  usually,  a  single  aspect  only  is 
examined,  the  rest  being  left  in  nn  impenetrable  haze. 

I  trust  I  have  now  brought  sufficient  evidence  before  you  to  show 
that  a  broad  examination  of  the  formations  of  these  islands,  and  their 
associated  physical  phenomena,  throws  a  good  deal  of  light  on  the 
problems  of  mountain-building,  and  that  their  remarkable  relations 
are  well  worth  more  detailed  examination  than  I  have  been  able 
to  give  them  in  this  address. 


L — Notes  on  some  Tabns   near  Snowdon.     By  W.  W.  Watts, 

M.A.,  F.G.S.^ 

DURING  a  recent  visit  to  North  Wales,  the  writer  has  taken  the 
opportunity  of  examining  a  few  of  the  tarns  in  the  immediate 
vicinity  of  Snowdon,  including  the  two  small  lakes  in  Cwm  Glas, 
Glaslyn,  and  Llyn  Llydaw. 

In  the  hollow  of  Cwm  Glas  there  are  two  tiny  tarns  named 
Ffynnon  Freeh  and  Ffyimon  Feleu  ;  both  lakes  drain  over  a  barrier 
of  rook,  but  in  a  rainy  season  the  upper  one  appears  to  find  a  second 
outlet  over  the  long,  low  col  to  the  east,  so  that  in  this  state  it 
has  the  two  outlets  depicted  on  the  six- inch  map.  The  upper  lake 
appears  to  be  a  portion  of  a  bending  valley  dammed  at  both  ends  by 
scree  and  stream -debris,  and  thus  compelled  to  find  an  escape  over 
the  rocky  side.  The  lower  lake  is  confined  in  a  rock-basin,  as  rock 
occurs  at  its  actual  outlet  and  at  every  point  where  any  former 
outlet  might  have  been  possible.  The  lake  is,  however,  so  shallow 
that  its  occurrence  in  a  basin  of  rock  is  perhaps  of  little  consequence. 

The  neighbouring  hollow  of  Cwm  Dyli,  as  is  well  known,  con- 
tains three  lakes,  the  highest  being  Glaslyn,  the  next  Llyn  Llydaw, 
and  the  lowest  Llyn  Teyrn.  Glaslyn  is  bounded  on  all  sides  by 
live  rock,  except  at  and  near  its  outlet.  This  exit  is  over  moraine, 
which,  however,  is  evidently  not  very  deep,  for  rock  makes  its 
appearance  just  below,  and  in  such  a  way  as  to  almost  compel  belief 

i  Bead  before  Secidon  C  of  the  British  AflWciaitioiL  ^l  l^^s^SsSti.^'V^ft^s^'t  A'^'^'^- 
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rsek  Imr,  B^««Se  tfc«  pr*«eBt  eovne  of  tfe 
•tr»skM  M  %  ykr%lU:l  ft^rrp  of  morme  raBBiii|^  dc^wm  rov«Hb  IJj« 
IJ^'Uv,  b«r  iiT:;.g  r'>rk  »->j«  ap-fi^^n  in  tbU  in  sock  n  ^''y  ^ 
«bow  cititt  if  tL«r>t  l>e  anv  ol-i  cLanoel  in  tbi*  dmedoe  it  »«t  bt 
•X'^j^^inirlj  narrow  and  ?orii-'«&  If  tLia  lake  be  not  eoaUinedii 
•  tnjft  rxk-hfe*iD  ir  mo^t  be  t*tj  ftb*!k»w.  or  elae  mott  L*Te  fonni 
exit  br  a  ^r/r^^  qnire  aa  narrow  aa  tboee  found  aft  the  end  of  mam 
cf  tiie  Swim  gUciem 

IsbOMtifte  qoAotitiea  of  mofaine  material  oecvr  on  tbo  aooth  tut 
af«le  erf  LI  vn  LI  t daw,  bot  a  carefol  exmmi nation  of  the  map  and  tbe 
ground  i^iowa  that  onlj  two  |K#aible  ootleCa  exist,  that  now  med 
f'«r  tbifl  parpoa^,  and  a  aeorjAd  mhicb  is  oocapi«d  bj  bo^  reatingoa 
tiioraine,  and  gives  Has  to  a  amall  stream  which  is  j«  lined  lower 
down  bj  tbe  oatlei  of  Llrn  Tejm.  Tbe  moraine  is,  howeTer,  onlj 
a  thin  akin  on  tbe  snrfaoe  of  rock.  The  preaent  oatlet  ahows  lira 
Hick  40  or  50  feet  below  the  leTel  of  tbe  lake,  and  the  seoood 
l^iaaible  exit  at  a  rather  lesa  distance  below  the  same  lerel.  If  the 
moraine  were  stripped  off,  there  is  little  doabt  that  this  lake,  like 
Glssljn,  wonld  show  a  basin  of  rock  which  would  hold  water, 
unless  it  is  Terj  modi  shallower  than  is  generallj  supposed  to  be 
the 


IL— Osi  Pitch  Glacikks  ob  Poissiers.     Bj  Prof.  W.  J.  Sollas, 

D.Sc.,  F.R  S. » 

I)ITCFI  and  the  ice  of  glaciers  strikingly  resemble  each  other  in 
heliavin)^  tu*  sfjlids  or  liquids,  according  to  their  mauner  of 
tn;Httii«;iit.  On  the  sudilen  application  of  loroe  they  brrak  like 
bfittle  riiateriaU  hut  behave  as  fluids  when  subjected  to  gradual  pall 
or  pressure.  Hence  it  is  pfxisihle  to  employ  pitch  in  the  construction 
of  working  models  of  glaciers  in  order  to  obtain  an  insight  into 
fhoHe  internal  mov<*ments  of  actual  glaciers  which  are  beyond  the 
reeuih  of  direct  observation.  The  study  of  glacial  deposits  has 
sliown  that  many  erratic  boulders  were  tran8|K>rted,  during  the 
Glacial  |>erio<l,  from  lower  to  higher  levels,  and  left  stranded  on 
the  flanks  of  mountains  some  hundreds  of  feet  above  their  source. 

This  standing  diflicully  in  the  way  of  physical  theories  of  glacier- 
movement  has  been  explained  by  the  study  of  pitch  models,  which 
show  that  the  lower  layers  of  material  on  approaching  an  ohbtacle 
aio  (uirried  up  in  an  ascending  current.  The  inference,  which  is 
04>nfirmed  by  other  kinds  of  observation,  is  that  similar  movements 
tike  plaoe  in  actual  glaciers.  Further,  a  glacier  sometimes  over- 
rides its  terminal  moraine  without  disturbing  it ;  and  in  an  experi- 
ment this  was  exemplified,  for  pitch  flowed  for  several  mouths  over 
a  ridge  of  loose  material  without  carrying  a  particle  of  it  away. 
A  remark  made  by  Professor  Fitzgerald  to  the  effect  that  viscositj 
Heeni(*d  merely  to  retard,  not  to  alter  the  nature  of,  the  movement, 
in  tlie  cases  desoribod,  led  the  author  to  experiment  with  less  viscous 
material,   such  as  Ca\\ad«k  W\*»A\i  «.tv\  ^>iwx\>\^^  vflth  concordant 

'  Head  hoforo  Section  C  ol  lYie  \iryX\B\v  K%*«c\»N:v>\i  ^^  ^\k^^^V,^^ 
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results.  A  trough  oontainiiig  balsam  flowing  upwards  over  an 
obstacle  uuder  its  own  head  of  pressure  was  sbown  by  the  lantera 
upon  the  screen. 

A  raised  model  of  Ireland  had  been  constructed,  and  the  directions 
of  ice-movement  as  determined  by  the  Kev.  Maxwell  Close  indicated 
upon  it  by  arrows ;  on  allowing  water  streaked  with  colouring 
matter  to  flow  over  it  from  two  areas  supposed  to  represent  the 
great  gathering  grounds  of  snow  of  the  Glacial  period,  the  water 
had  taken  paths,  as  shown  by  coloured  streaks,  corresponding  to 
those  taken  by  the  ice  as  shown  by  the  arrows,  a  coucordance  in 
every  way  remarkable. 


I^  E  V  I  E  ^W  S- 


I. — The  Geological  Survey. 


rpHE  Report  for  the  year  1894  of  Sir  Archibald  Geikie,  Director- 
L  General  of  the  Geological  Survey  of  the  United  Kingdom  and 
Director  of  the  Museum  of  Practical  Geology,  has  reached  us  some- 
what late  in  the  present  year.  This  is  the  more  to  be  regretted,  as 
the  Keport  contains  (in  addition  to  the  statistics  relating  to  field- 
work,  museum- work,  and  publications)  a  i*ecord  of  the  chief  scientific 
results  obtained  during  the  year. 

Of  the  entirely  new  area  in  course  of  survey,  that  of  the  Isle  of 
Man  first  calls  for  notice  in  the  account  of  work  done  in  England 
and  Wales.  There  Mr.  G.  W.  Lamplugh  has  discovered  certain 
conglomerates  in  the  Skiddaw  Slate  group,  which  he  believes  to 
Imve  been  produced  by  the  breaking  up  of  sandy  slates  and  grits 
under  intense  shear  strain.  Unlike  ordinary  crush- breccias  the 
included  fragments  often  assume  the  characters  of  pebbles,  rounde<l 
by  attrition.  The  subject  has  been  fully  brought  before  the 
Geological  Society,  so  that  further  reference  here  is  not  needful. 
>kO  fossiliferous  zones  have  as  yet  been  determined  in  the  Skiddaw 
Slates.  With  regard  to  glacial  phenomena,  the  general  march  of 
the  ice  during  the  height  of  glaciation  is  noted  to  have  been  from 
some  point  west  of  north.  It  is  stated  that  a  bed  of  fine  warp  or 
silt  in  the  glacial  series  of  Kirk  Michael  may  prove  to  be  of  some 
economic  value  :  it  has  been  used  locally  as  a  fuller's  earth. 

In  areas  that  are  being  re-surveyed,  those  of  the  South  Wales  and 
other  coal-fields  are,  without  doubt,  the  most  important.  Portions 
of  Glamorganshire,  Brecknockshire,  and  Monmouthshire  are  being 
mapped  by  Messrs.  J.  B.  Dakyns,  A.  Strahan,  and  W.  Gibson,  and 
in  these  (as  in  all  other)  areas  where  the  Geological  Survey  is  now 
engaged,  the  six-inch  Ordnance  Maps  are  utilized  in  the  work. 
It  is  interesting  to  learn  that,  on  the  eastern  border  of  the  great 
coal-field,  the  several  subdivisions  of  the  Old  Red  Sandstone  at 
present  observed,  appear  to  pass  into  each  other,  from  the  red  marls 
and  sandstones  with  cornstones  up  to  the  red  sandstones,  quartz 
gi-its,  and  conglomerates.  I'he  Carbouiferoua  1Ai!Cl««\.o\\^  ^^xv&%>vc^ 
ia  well  known,  exhibits  marked  variations  iti  \\x^  V\i\c^&xi^'&^  o^  Sn^ 


668  JRerieKM — Report  of  ike  Geological  Surrey. 

component  strata,  and  it  is  notioed  that  in  the  middle  of  the  mtin 
linieetone  there  is,  looally,  a  remarkable  band  of  white  oolite  iO  feet 
thick.  The  chief  lithological  divisions  in  the  Millstone  Grit  and  in 
the  Coal-measures  are  separately  mapped,  so  that  the  structure  of 
the  ground  may  be  clearly  represented.  This  is  of  great  practical 
▼alue  as  regards  the  bands  of  clay-ironstone,  the  steam-coals,  and 
other  economic  products. 

Much  new  information  has  been  obtained  with  regard  to  the 
extent  of  the  boulder  drift,  and  to  the  oocurrenoe  of  Esker  gravels 
in  Monmouthshire  and  South  Wales.  Proof  that  the  ice  must  bsTO 
existed  in  considerable  bulk  has  been  obtained  in  the  excavations  of 
some  new  waterworks  at  Nant-y-bwch,  where  a  hill  of  sandstone, 
npwards  of  200  yards  long,  has  been  found  to  be  a  transported  mass. 
Some  commencement  has  lieen  made  with  the  re-survey  of  the 
Leicestershire  coal-field  by  Mr.  Fux-Strangways,  and  of  the  North 
Staffordshire  coal-field  by  Mr.  De  liance. 

It  is  satisfactory  to  learn  that  the  results  of  these  and  other 
re-surveys  will  be  published  on  the  new  series  of  the  Ordnance 
one-inch  maps,  while  MS.  coloured  copies  of  the  six-inch  maps  are 
de]X)sited  in  the  Geological  Survey  Ofiice  for  public  reference. 

In  Devonshire  and  Cornwall,  Mr.  Ussher  has  been  surveying  the 
subdivisions  of  the  Devonian  formation  and  their  associated  igneous 
rocks;  while  in  the  southern  counties  Messrs.  Whitaker,  Reid, 
Bennett,  Blake,  Hawkins,  and  Jukes- Browne  have  been  engaged  in 
mapping  the  Drifts  and  re-surveying  the  Cretaoeous  and  Tertiary 
rocks.  The  mapping  of  the  Drifts  in  Yorkshire  and  in  parts  of 
the  Midlan<l  counties  has  been  continued  by  Messrs.  Tiddeman  aud 
Cameron,  who  have  likewise  attended  to  needful  revisions  of  the 
previous  survey  of  the  older  and  more  "  solid  "  formations. 

In  Scotland  the  Lewisian  gneiss  of  the  northern  part  of  Raasay 
was  mapped  by  Mr.  Teall.  It  has  been  determined  that  the  various 
crystalline  rocks  older  tiian  the  Torridon  Sandstone,  and  comprised 
under  the  general  designation  of  Lewisian  gneiss,  may  be  divided 
into  five  distinct  groups.  The  oldest  and  chief  group  is  the 
**  fundamental  complex  **  of  banded  and  foliated  rocks,  and  this  is 
considered  by  Mr.  Teall  to  have  decided  affinities,  both  as  regards 
chemical  and  mineralogical  composition,  with  plutonio  igneous 
products.  A  scheme  devised  by  him  for  descriptive  purposes,  is 
now  published  in  the  Di rector- Generars  Report.  Based  primarily 
on  mineralogical  composition,  and  to  a  subordinate  extent  on 
structure,  it  shows  the  nature  of  the  various  rocks  comprised  within 
this  **  fundamental  complex."  In  the  other  groups  are  included 
various  dykes,  gneissose  granite,  and  pegmatite.  The  observations 
of  Messrs.  Peach  and  Home  prove  that  in  certain  areas  the 
**  Moine  schists"  have  been  produced  by  the  alteration  of  the 
lowest  Torridonian  grits  and  shales.     . 

Interesting    results    have    been    obtained    by    Mr.   Hinxman  in 
Strathspey,  and   by  Mr.  Barrow  in   Deeside,  with   regard   to  the 
relaticms  of  the  great  granitic  masses. 
The  survey  ti  the  Inland  of  Arran  has  been  taken  in  hand  by 
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Mr.  Qann,  and  he  has  foand  in  the  red  sandstones,  which  extend 
along  the  eastern  shore,  and  across  the  southern  half  of  the  island, 
a  contemporaneous  voloanio  group.  It  is  considered  highly  probable 
that  these  beds  are  of  Permian  age. 

The  older  rocks  and  the  Tertiary  dykes  of  the  south-east  of  Skye 
have  been  mapped  by  Mr.  Clough,  while  Mr.  H.  B.  Woodward  has 
been  engaged  in  the  survey  of  the  Jurassic  rooks  along  the  north- 
eastern borders  of  the  island.  With  Mr.  Symes  in  Canty  re,  Mr. 
Wilkinson  in  Islay,  Mr.  Hill  in  the  region  between  Loch  Fyne  and 
Loch  Awe,  Mr.  Grant  Wilson  in  Banff  and  Elgin,  and  Mr.  Greenly 
(who  has  since  retired)  in  Sutherland,  the  Geological  Survey  has  made 
progress  in  various  parts  of  Scotland. 

In  Ireland  the  work  of  revision  has  been  carried  out  in  different 
areas  by  Messrs.  Egan,  Eilroe,  McHenry,  and  Sollas.  The  Croagh 
Patrick  qnartzite  is  now  assigned  to  the  Llandovery  formation. 
In  the  tract  of  ground  between  Clifden  and  Oughterard  there  is  a 
complex  series  of  rocks  which  are  considered  to  be  equivalents  of 
the  Dalradian  rocks  of  other  regions.  In  the  district  of  Pomeroy, 
in  Tyrone,  there  is  a  belt  of  igneous  rocks,  lying  between  tlie 
Silurian  and  Old  Red  Sandstone  rocks  on  the  south  and  the 
crystalline  schists  on  the  north ;  and  it  has  been  found  that  they 
include  lavas  interleaved  with  cherts  and  jaspers  exactly  like  those 
associated  with  the  igneous  rocks  at  the  edge  of  the  Highlands.  It 
is  surmised  that  the  cherts,  and  certain  overlying  shales,  etc.,  may 
prove  to  be  of  Arenig  age. 


II. — Lks  Yabiations  p£riodiques  des  Glaoibrs.  Disooubs  pai- 
LiHiNAiBB.  Par  F.  A.  FoRBL,  President  de  la  Commission 
Internationale  des  Glaciers.  Archives  des  sciences  physiques 
et  naturelles.     Geneve.     Vol.  xxxiv,  p.  209. 

PROFESSOR  FOREL  commences  by  relating  the  formation  of  his 
committee,  *'  sur  Tinitiative  "  of  the  writer  of  this  notice.  Each 
member,  be  tells  us,  is  to  organize — as  seems  best  to  him,  and  after 
the  most  useful  fashion — historical,  present,  and  future  studies  of 
glacier  phenomena,  and  publish  such  in  the  periodicals  of  his  own 
country  ;  and  a  summary  is  to  appear  annually  in  the  Archives  des 
sciences,  etc.,  of  Geneva.  He  then  proceeds  to  the  consideration  of 
what  the  phenomena  to  be  studied  consist  in.  Much  of  this  ground 
has  already  been  put  forward  by  the  writer,  but  there  are  points 
and  extensions  dwelt  upon  by  Professor  Forel  which  it  may  be 
acceptable  to  touch  upon. 

He  rightly  emphasizes  the  importance  of  concentrating  our  energies, 
more  especially  at  first,  upon  the  observation  of  actual  advance, 
retreat,  increase  or  diminution  in  bulk  of  glaciers,  and  to  the  simuU 
taneity  or  otherwise  of  their  variations  in  both  hemispheres  and  all 
latitudes,  as  also  to  their  relation  to  meteorological  records. 

As  regards  the' study  of  neves,  to  the  extent  and  quantity  of 
which,  of  course,  much  of  glacier  variation  is  due,  he  thinks  that, 
great  as  is  the  importance  of  such  observations,  we  had  better  for 
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the  present  not  complicate  our  work,  bat  "  oooupons-nons  seuleroent 
des  giuoiers  proprement  dits."  The  writer,  though  agreeing  to  a 
great  extent  with  this,  is  unable  to  see  how  a  definite  line  could 
profitably  be  drawn  between  food-supply  and  glaciers.  However, 
%l.  Forei  quite  admits  the  importance  of  such  study,  and  that  out 
only  must  heat,  cold,  winds,  sunshine,  ablation,  moiatnre,  and  pre- 
cipitation be  the  causes  of  variations,  but  that  the  history  of  past 
seasons  and  of  the  snow  reservoirs  must  bear  u^ion  more  recent 
change  of  mass,  all  which  it  is  absolutely  necessary  to  carry  iuto 
account  to  obtain  a  reliable  budget  It  in,  however,  evidently 
important  that  the  meteorologists  should  help  in  our  researchtfs, 
rather  than  that  we  should  dissipate  our  energies  by  studies  specially 
their  trade  1  Let  them  bear  in  mind  that,  as  our  author  wt^ll  puts 
it,  '*  La  grandeur  relative  des  glaciers  est  un  indice  de  la  variation 
du  climat"  He  hopes  for  light  to  be  thrown  upon  the  question 
of  periodicity  of  climate  by  comparative  glaciology,  and  pays  a 
"very  just  tribute  to  the  work  of  Bruckner  on  KltmaschwankuugeD. 
Boughly  speaking,  Switzerland  has  witnessed  thi'ee  great  oscillations 
in  the  century. 

A  few  words  as  to  methods.  L  The  well-known  and  elaborate 
system  applied  to  the  Khoue  glacier  is :  In  September  the  tongue  uf 
that  glacier  is  surveyed,  and  tlie  superficies  of  the  ground  left  by 
its  retreat.  Simultaneously  a  levelling  is  executed  of  lines,  always 
the  same,  on  the  surface  of  the  ice ;  this  gives  its  variations  ia 
volume.  Lastly,  the  annual  advance  is  ascertained  of  points  placed 
each  year  on  the  same  profiles,  which  gives  variation  in  flow. 

II.  The  forest  officers  in  Switzerland  adopt  a  simpler  ]>lan.  In 
front  of  glaciers  two  fixed  marks,  one  on  ench  side  of  the  containing 
valley,  give  a  measurable  base.  From  this  baKc  the  distances  of 
certain  principal  points  on  the  glacier  front  are  measured  at  the 
l)eginning  of  September  (as  in  the  first  case),  and  their  position 
indicated  in  abscissae  and  ordinates.  A  sketch  upon  a  convenient 
scale  accompanies  the  officei*s'  reports,  and  shows  variations  in 
length. 

III.  Photography,  applied  by  M.  Joseph  Tairraz,  of  Chamounix. 
Each  year,  at  the  same  date — September — a  view  of  the  glacier 
snout  is  taken  from  the  same  point  with  the. same  apparatus.  A 
comparison  of  successive  views  gives  tlie  required  history.  A  series 
is  very  instructive,  but  the  difference  from  one  year  to  another,  in 
the  ice-front,  is  not  easily  appreciated,  whereas  views  taken  at 
longer  intervals  show  variations  clearly. 

IV.  To  this  the  writer  may  add  that  the  possession  of  a  box 
camera  and  a  prismatic  compass  with  clinometer  (or,  as  he  himself 
h)i8  practised,  of  a  Oasella's  Galton  pocket  altuzimuth)  enahles  a 
survey  and  photogram  to  be  made  simultaneously,  simply  by  placing 
the  fiducial  edge  of  the  clinometer  against  the  side  of  the  camera, 
on  a  plane  table,  plotting  the  compass  bearings,  and  noting  the 
ciinoiueter.  In  adding  details  to  maps,  prick  out  the  station  and 
write  notes  on  the  back.  Also  b])oI  glass  negatives  and  priek  films 
and  priuta.  Mabshall  Hall. 
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III. — The  Gold  Mines  op  the  Rand,  being  a  Description  op 
THE  Mining  Industry  op  Witwatbksrand,  South  Apbican 
Rbpublio.  By  Frkdeeiok  H.  Hatoh  and  J.  A.  Chalmers. 
(Loudon :   Macmillan  and  Co.,  1895.     Price  17«.) 

THAT  a  raining  district  which  produces  gold  to  the  value  of 
£6,963,000  sterling  per  annum,  and  tbe  market  value  of 
whose  mines  is  over  £100,000,000,  should  so  long  remain  without 
any  work  descriptive  of  the  nature  of  the  industry  and  the  geological 
structure  of  the  country,  is  remarkable. 

Messrs.  Hatch  and  Chalmers'  book  on  the  "Gold  Mines  of  the 
Hand  "  will  be  found  to  contain  a  brief  description  of  the  geology 
of  the  district  and  a  more  extended  account  of  the  mines,  the  method 
of  mining  employed,  and  two  useful  chapters  on  the  metallurgical 
treatment  of  the  ore,  including  the  history  and  application  of  the 
cyanide  process.  The  work  is  copiously  illustrated  and  is  accom- 
panied with  a  geological  section,  two  maps  of  the  chief  mining 
centres  of  the  Southern  Transvaal,  and  several  tables  showing  the 
monthly  output  of  the  mines,  dividends  paid,  etc. 

The  authors  have  put  together,  in  a  very  readable  form,  a  mass  of 
information  that  has  been  gradually  accumulating  on  the  subject. 

The  chapters  on  the  geology  of  the  district  are  confined  to  a  brief 
account  of  the  geological  structure  of  South  Africa,  a  description 
of  the  auriferous  conglomerates,  and  some  remarks  on  the  nature  of 
the  mineralization,  the  origin  of  the  ore  bodies,  and  the  distribution 
and  value  of  the  gold  contents. 

The  South  African  formations  are  broadly  grouped  together  in 
descending  order  as  follows : 

Becent  deposits. 

Karoo  formation. 

Cape  formation. 

South  African  Primary  formation. 

The  Witwatersrand  beds  (following  Schenck)  are  assigned  to  the 
Cape  formation,  but  no  new  facts  are  brought  forward  to  support 
this  view. 

Some  errors  that  have  appeared  in  nearly  all  descriptions  of  the 
geological  structure  of  the  country  are  repeated.  Thus  the  quartzites 
and  shales  to  the  immediate  north  of  Johannesburg  are  represented 
on  the  diagram  section  as  having  the  same  dip  as  the  auriferous 
conglomerates,  whereas  they  are  only  locally  conformable,  though 
the  strike  of  the  two  groups  is  coincident  from  east  to  west.  There 
is  little  doubt  that  the  junction  of  the  gold-bearing  beds  and  the 
quartzite  shale  group  is  a  faulted  one,  and  that  the  true  sequence 
remains  to  be  discovered. 

Tbe  relation  of  the  '*  Banket  beds "  to  the  Primai-y  formation  is 
also  not  clearly  stated,  but  it  is  inferred  (p.  71)  that  they  rest  on 
the  eroded  edges  of  the  latter.  Mear  Johannesburg  and  again  nenr 
Yredefort  there  is  very  clear  evidence  that  the  Banket  beds  are 
pushed  over  the  ancient  metamo]*phic  rocks,  while  there  is  no 
evidence  to  show  that  the  conglomerate  beds  were  formed  by  the 
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denudation  of  the  Primary  rooks.  The  metamorphio  rocki  t»f  Qnb 
Transvaal  consist  chiefly  of  altered  igneous  rocks,  but  the  odd* 
glomerates  are  composed  almost  exclusively  of  quarts -pebbles, 
without  a  single  specimen  of  any  other  kind  except  sandstones. 

It  seems  certain  that  the  age  of  the  Witwatersrand  beds  will  hsTS 
to  be  decided  by  mineral  epical  identity.  Their  relation  to  the 
older  rocks  must  not  be  considered  as  proved  until  some  mineral 
that  is  known  to  be  peculiar  to  the  metamor|)hio  rocks  is  detected 
in  the  matrix  of  the  Banket  beds.  It  is  true  that  in  the  Zwarteberg 
Mountains  sandstones,  with  scattered  quarts- pebbles  similar  to  those 
of  the  *'  Banket,"  are  folded  in  with  rocks  in  which  Spirifera  and 
Terebratulsd  of  Carboniferous  species  are  said  to  occur.  But  it  Las 
been  demonstrated  again  and  again  how  dangerous  it  is,  in  a  folded 
district,  to  argue  the  age  of  beds  when  closely  associated  or  even  in 
actual  contact. 

The  classification  of  the  auriferous  conglomerates  into  a  con- 
formable and  unconformable  set  hss  little  geological  importance.  It 
is  impossible  to  correlate  the  conglomerates  of  outlying  districts  with 
those  near  Johannesburg  since  there  is  really  no  distinctive  litho- 
logical  difference  between  the  various  conglomerates.  The  paltry 
difference  in  the  size  and  number  of  the  pebbles  is  no  safe  guide. 
Even  if  there  were  a  bed  or  group  of  beds  that  could  with  certainty 
be  recognized  throughout  the  Southern  Transvaal  as  occupying  a 
definite  horizon  in  the  auriferous  series,  it  would  be  extremely 
difficult,  owing  to  the  faulted  character  of  the  country  and  the  com- 
plexity  introduced  by  the  intrusions  of  igneous  masses,  to  piece 
together  the  disjointed  fragments  that  remain. 

The  igneous  rocks  are  briefly  described  as  basic  "  greenstones  " — 
diabase,  epidiorite,  and  gabbro  being  recognized  among  others. 

No  attempt  is  made  to  classify  the  faults  and  dykes  according  to 
their  relative  ages.  It  is  certain  that  many  of  the  dykes  were 
formed  prior  to  the  deformation  of  the  beds,  since  they  have  been 
converted  into  schistose  rocks,  while  others  show  no  signs  of  altera- 
tion. It  is  interesting,  however,  to  find  that  reverse  faulting  is 
recognized,  which  results  in  some  cases  in  the  reduplication  of  the 
beds,  as  instanced  on  the  property  of  the  Witwatersrand  Company, 
where  the  conglomerates  of  the  Main  Keef  Series  have  a  double 
outcrop. 

The  origin  of  the  gold  is  left  an  open  question,  but  no  connection 
is  found  to  exist  between  the  gold  contents  of  the  conglomerates  and 
their  proximity  to  igneous  masses  or  dykes. 

In  the  chapter  on  "  Deep  Levels "  the  authors  have  carefully 
avoided  introducing  theory  into  their  descriptions,  and  make  no 
allowance  for  the  part  played  by  reverse  faults  in  bringing  the 
Main  Keef  Series  nearer  to  the  surface,  but  it  is  by  no  means  an 
iin()Ossibility  that  the  members  of  the  Main  Beef  Series  will  be 
found  much  nearer  the  surface  than  any  ordinary  flattening  of  the 

beds  could  account  for. 

«  

From  the  facts  brov\v;\il  ^otw«^t^  V^  ^^««st%.  '^^A^b  and  Chalmers 
and  other  observera,  \l  \^  wtXawi  VJaaX.  m  >isi^^i»5A\.w:a»Jiw^i\^>5B8k 
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geological  student  has  an  excellent  field  for  studying  the  inoipient 
stages  of  dynamo-thermo-metaraorphism.  In  a  work  primarily  in- 
tended for  mining  students  and  the  general  public,  it  is  not  to  be 
expected  that  these  subjects  will  be  treated  of  in  more  than  merd 
outline,  but  it  is  to 'be  hoped  that  a  geologist,  who  is  both  a  good 
stratigraphist  and  petrologist,  will  attempt  to  unravel  the  geology 
of  the  country.  A  careful  investigation  of  the  district  and  a  con- 
scientious collection  of  all  the  available  facts  will  certainly  bring 
to  light  much  that  is  new  and  interesting  to  geological  students,  and 
which  would  in  turn  be  of  much  practical  value. 


Obolootoal  Sooibtt  of  London. 

November  6th,  1895.— Dr.  Henry  Woodward,  F.B.S.,  President, 
in  the  Chair. 

The  President  announced  that  the  Council  had  temporarily 
appointed  Mr.  Clyde  H.  Black  to  the  post  of  Assistant-Clerk. 

The  following  communications  were  read  : — 

1.  '*The  Serpentine,  Gneissoid,  and  Hornblendic  Rocks  of  the 
Lizard  District."  By  T.  G.  Bonney,  D.Sc..  LL.D.,  F.R.8.,  F.G.S., 
Professor  of  Geology  and  Mineralogy  in  University  College,  London. 

After  some  introductory  remarks  the  author  ^  states  that  in 
company  with  the  Rev.  E.  Hill,  and  in  consequence  of  their  work 
in  Sark,  he  again  investigated  the  question  of  the  genesis  of  the 
hornblende-schists  at  the  Lizard,  and  was  able  to  overcome  the 
difficulties  which  formerly  withheld  him  from  attributing  an  igneous 
origin  to  the  schists  themselves  and  their  banded  structures  to 
fluxional  movements  during  consolidation.  Here  also,  as  in  Sark, 
there  is  some  evidence  of  this  banding  being  the  result,  at  any 
rate  in  places,  of  a  mixture  of  a  less  and  a  more  basic  material. 
Additional  evidence  is  given  as  to  the  genesis  of  the  granulitio 
group  and  its  relations  to  the  hornblende-schist  Moreover,  in 
consequence  of  the  paper  by  Messrs.  Fox  and  Teall,  published 
in  the  Society's  Journal  (vol.  xlix,  p.  199),  the  author  has  again 
examined  (with  Mr.  Hill)  every  section  which  he  could  discover  to 
bear  on  the  relations  of  the  serpentine,  the  hornblende-schist,  and 
the  granulitio  rock.  A  number  of  instances  are  quoted  where  the 
serpentine  splits  open  or  rumples  the  bands  of  the  granulitio  rook, 
or  cuts  across  them.  He  shows  that  in  the  sections  at  Potstone 
Point  and  elsewhere  the  serpentine  is  welded  to  the  hornblende- 
schist,  cuts  across  its  banding,  and  behaves  generally  as  an  intrusive 
rock,  while  the  rare  cases  of  apparent  interst ratification  of  the 
two  prove  to  be  the  results  of  the  inclusion  and  occasionally  very 
local  melting  down  of  the  latter  by  the  former  rock.  He  maintains 
that  the  relations  of  the  serpentine  to  the  granulitio  and  the 
hornblendic  groups  are  inexplicable  on  the  hy^QtU«a\%  c^l  y^xx 
ig'neous  complex,  bo  far  as  he  underslaudft  0:i<b  \ii%»b\ivcv^  ^V  "^^b^ 
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term,  or  of  a  folding  in  a  solid  condition  or  any  other  form  of 
dynamo- metamnrphistn,  and  he  maintains  his  original  opinion  that 
the  serpentine  {i.e.  the  original  peridotite)  is  intrusive  in  the  other 
rocks. 

The  paper  also  deals  with  some  minor  points  in  the  geology  of 
the  Lizard  ;  the  author  supplying  some  additional  particnlars  aboat 
the  serpentine  at  Porthkerris  and  Porthallow,  and  explaining  that 
he  has  found  the  rocks  on  the  south  side  of  Porthoustock  Gove  to 
be  only  a  continuation  of  those  which  form  the  crags  south  of  the 
opening  of  the  Cove,  though  they  are  generally  less  well  preserved : 
namely,  a  fine-grained  gabbro,  intrusive  in  the  ordinary  Orousa 
Down  gabbroy  and  "greenstone  "  dykes  cutting  both  of  these. 

2.  " The  •  Schistes  Lustres'  of  Mont  Jovet  (Savoy)."  By  J.  W. 
Gregory,  D.Sc.,  F.G.S. 

The  author  gives  a  history  of  the  controversy  as  to  the  age  of  the 
'  schistes  lustres '  of  the  Western  Alps,  making  special  reference  to 
the  views  of  Zaccagna  and  Bertrand  concerning  the  schists  of  Mont 
Jovet.  Of  these  writers,  the  former  maintains  that  the  rocks  of  the 
summit  of  the  mountain  are  old  rocks  on  which  the  Carboniferons 
and  Triassio  strata  were  deposited  unconformably  ;  while,  according 
to  the  latter  author,  the  rocks  forming  the  top  of  the  mountain  were 
laid  down  after  those  which  flank  it. 

In  the  present  paper  the  author  gives  the  results  of  an  examina- 
tion of  the  rocks  of  Mont  Jovet  recently  made  by  him.  He  contends 
that  Lory  and  Zaccagna  were  correct  in  identifying  the  central  rocks 
of  Mont  Jovet  as  *  schistes  lustres/  for  this  conclusion  is  supporteil 
by  their  lithological  characters  and  the  occurrence  of  basic  igneous 
rocks  of  the  *  pietre-verdi '  type  associated  with  them,  and  is  not 
opposed  to  their  stratigraphical  relations.  It  is  further  maintained, 
as  the  result  of  the  evidence  collected  by  the  author,  that  the  schists 
in  question  are  older  than  the  Trias;  for  fragments  of  the  schists 
occur  in  the  Trias,  there  is  a  discordance  of  strike  between  the  two 
series,  masses  of  dolomite  rest  unconformably  upon  the  flanks  of  the 
schists,  and  the  Trias  has  escaped  metamorphism  which  the  schists 
have  undergone.  T\\e  probabilities  are  in  favour  of  the  schists 
occupying  the  same  relation  to  the  Carboniferous  as  they  do  to  the 
Trias;  while  the  close  approximation  of  the  schists  to  the  former 
shows  that  the  schists  are  not  the  altered  representatives  of  the 
neighbouring  Carboniferous  beds,  and  it  is  therefore  concluded  that 
the  *  schistes  lustres '  are  pre-Carboniferous,  but  evidence  by  which 
Anally  to  assign  them  to  any  exact  horizon  before  this  date  is  still 
wanting. 

coI^I^Es:po2^^I:)EIs^CE!. 

ON  THE  USE  OF  THE  TERM  BOZD£RIJSN. 

Sir, —  Will  you  allow  me  a  few  words  on  the  term  Bolderien  as 
applied  in  the  abstract  of  the  interesting  paper  of  Mr.  G.  F.  Dollfus 
(Geol.   Maq.,  October  1896,  p.  474)  on  the  seas   during  Upper 
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Tertiary  times  in  Western  Europe.  This  name  was  originated  by 
Dumont  for  the  white  sands,  without  fossils,  which  appear  in  the 
Bolderberg,  near  Hassalt  We  can  observe  these  sands,  in  places, 
on  the  banks  of  the  Rhine,  wliere  they  contain  fossils,  and  are  classed 
as  Upper  Oligocene.  The  Miocene  of  Belgium  is  the  Crag  noir 
dkAnverSj  part-  of  the  Diestien  of  Dumont,  the  Anversien  of  Gogels 
and  Van  Ertbom. 

Lately,  M.  E.  Van  den  Broeck  has  endeavoured  to  demonstrate  on 
the  evidence  of  fossils  found  in  the  upper  beds  of  the  BoldMen  at 
Waenrode,  that  the  BoldMen  and  Anvernen  are  synonymoua,  and, 
consequently,  that  the  term  Anver$ien,  being  newer,  must  be  cancelled. 
This  view,  it  appears,  was  adopted  by  M.  Dollfus ;  but  I  still 
maintain  that  this  correlation  is  by  no  means  well  founded,  and 
agree  with  Gogels  and  others  that  our  ancient  Boldirien  is  Oligocene. 

October  29th,  1896.  ^'  i^EWALQUE. 


DR.    ERNST    VON    REBEUR-PASCHWITZ. 

BoBN  August  9th,  1861.  Dibd  Octobbr  Ist,  1895. 

Db.  Ernst  von  Eebkur-Pasohwitz  was  born  on  August  9th,  1861, 
at  Frankfurt  a.  Oden.  In  consequence  of  his  father's  movements  as 
a  Ooveniment  officer.  Yon  Rebeur*s  school  was  often  changed,  but 
wherever  he  went  his  knowledge  of  mathematics  made  him  in  these 
studies  facile  princepa.  He  obtained  his  doctorate  at  Berlin,  where 
he  became  an  assistant  at  the  Observatory.  At  Karlsruhe,  where  he 
was  '  Erster  Assistant,'  he  commenced,  in  1884,  to  interest  himself 
in  Zdlluer's  pendulum.  It  was  about  this  time  that  his  health  first 
caused  anxiety  to  his  friends.  Although  he  visited  Switzerland, 
Italy,  Teneriffe,  and  other  places,  returning  to  his  home  in  apparently 
good  health,  it  was  soon  recognized  that  his  recoveries  were  only 
temporary.  At  Halle,  where  he  was  Privat  Decent,  the  condition  of 
his  throat  and  chest  precluded  him  from  giving  lectures.  From  1891 
until  his  death,  on  October  1st,  1895,  he  was  more  or  less  confined 
to  a  bed  or  sofa,  often  suffering  excruciating  pain,  and  never  left  his 
room  excepting  during  the  summer. 

It  was  during  this  period  of  physical  incapacity  that  Von  Rebeur 
produced  his  most  remarkable  work,  and  became  the  pioneer  of 
a  new  seismology.  Commencing  with  the  endeavour  to  measure 
lunar  gravitation,  he  discovered  the  diurnal  wave,  that  earthquakes 
could  be  recorded  at  stations  distant  more  than  a  quarter  of  the 
earth's  circumference  from  their  origin,  came  in  contact  with  the 
ubiquitous  tremors,  and  observed  many  other  phenomena  connected 
with  the  movements  of  our  so-called  terra  firma.  lliese  discoveries 
attracted  the  attention  of  other  observers,  and  horizontal  pendulums 
were  established  at  several  of  the  more  important  observatories  in 
Germany  and  Kussia. 
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Von  Bebenr*s  last  work  was  an  endeavour  to  obtain  co-operation 
for  the  obfier\*ation  of  these  instmments  throoghont  the  world,  a 
scheme  which,  although  he  has  not  lived  to  realize  it»  will,  in  all 
prohability,  be  acoompliahed  in  the  near  future.  His  ability  and 
ener>ry  are  testified  by  the  works  he  leaves  behind,  and  his  modesty 
and  kindly  nature  are  spoken  of  by  all  who  knew  him.  J.  H. 


Caftain  Charlks  Ttlsr,  F.L.S.,  F.6  S.,  whose  death  on  the 
2nd  November  last,  in  his  70th  year,  we  deeply  regret  to  reoord, 
was  for  very  many  years  an  active  member  of  tbe  Council  of  the 
Palarantographical  Society,  and  keenly  interested  in  all  microsoopioal 
rt«earch.  He  also  worked  assiduously  at  the  Protozoa  with  the  late 
Dr.  Bowerhank,  F.R.S. 


A  X08T  useful  ''Bibliography  of  Midland  Glaciology**  has  been 
c«>ntribnted  by  Mr.  W.  J.  Karrison  to  the  Proceedings  of  the 
Biriningham  Natural  History  and  Philosophical  Society  (voL  iz, 
1*^^>5^.  His  record  includes  the  titles  of  more  than  one  hundred 
anil  fit\v  pa{>er8.  dating  from  the  year  ISll  up  to  the  present  time, 
and  written  specially  on  the  Drift  deposits  or  glacial  phenomena 
i>f  the  Midland  counties;  and  he  has  added  titles  of  over  a  hundred 
oilier  Kvks  and  papers  which  have  a  more  general  bearing  on  tbe 
Biiljeot.  Nor  has  he  confined  his  record  to  titles,  for  notes  are  given 
on  ihtf  contents  of  nearly  every  article.  He  remarks  that  singularly 
little  attention  was  ^viid  to  the  Midland  Drift  by  the  officers  of  the 
Gei^lonioal  Survey  when  they  map^ied  the  region  in  1855-60.  What 
18  now  wanted  is  a  detaileil  survey  of  the  various  accumulations  of 
Boulder-elav,  Sand,  and  Gravel. 


"The  Onyx  Marbles:  their  origin,  composition,  and  uses,  both 
ancient  and  nioilern."  is  the  title  of  a  Memoir  by  Mr.  George  P. 
Merrill  ^185i<5.  Keprinteil  fn^ra  the  Kejwrt  of  the  United  States 
Niiiional  Museum).  The  term  onyx  marble,  as  is  well  known,  is 
applied  to  varieties  of  travertine  or  stalagmite,  which  exhibit  band- 
ing and  transluoeiicy  that  are  often  as  pronounced  as  in  the  tnie 
onyx.  Used  in  ancient  times  ft>r  various  ornamental  purposes,  and 
known  as  *'  Oriental  alal  aster,"  the  marble  has  been  obtained  in 
iVr^iii,  Kgyi^t,  Alireria,  Italy.  Mexico.  California.  Arizona,  and  other 
reiiii'ns :  antl  ii  is  largely  used  for  interior  decoration  at  the  present 
i!;iv.  Mr.  Merrill  enters  fullv  into  the  charActen*  of  the  several 
i>n\  X  marbles,  and  to  their  niethixl  of  formation  by  springs  in  the 
\>\^\\  and  in  caverns.     His  work  is  illustrated  by  IS  plates. 


tKRATUM.  —  Tn  Dr.  Gerhanl  Hi'lm's  article,  November  Number, 
line  21  from  top  of  jvige  4Sli :  after  the  wonl  **  canal."  insert  a 
lull  stop  ( .  > :  then  for  "  which/'  read  irAcil ;  and  in  line  22, 
for  **  consisting  "  read  coHsittt, 
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